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Abstract 
Effect of Integrated Farm Practices on 
Sustainable Agriculture in Zigui County, 
the Three Gorges Region of China 
Thesis submitted by MO, Pan 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in October, 1997 
The present study investigates the effects of integrated farm practices on the 
properties, runoff and productive capacity of newly rehabilitated purple soils in Zigui 
County, the Three Gorges Region of China. Six experimental plots were built on 25° 
slope in Wangjiaqiao Watershed with the following treatments: Control plot 
(Control), Vetivergrass hedgerow (P), Vetivergrass hedgerow + inorganic fertilizer 
(PI), Vetivergrass hedgerow + inorganic fertilizer + mulch (PIM), Vetivergrass 
hedgerow + farm yard manure (P0) and Vetivergrass hedgerow + inorganic fertilizer 
+ farm yard manure + mulch (PIOM). Two crops, namely winter wheat and soybean, 
were grown on the plot. Soil properties were monitored before and after crop growth 
while runoff and soil erosion were examined in two rainfall simulations, intensity 
being 0.72 and 1,56 mm min"\ Crop productivity was measured. An agricultural 
survey was also conducted to investigate the existing production systems in Zigui 
County and to verify production efficiency of the six integrated treatments. 
The purple soil was alkaline, sandy, deficient in soil organic matter (SOM), 
total Kjeldhal nitrogen (TKN), Ca and Mg, but contained marginal to medium levels 
ofP and K. After the cultivation of one year, soil aggregate stability was raised in the 
P0, sustained in the P，PI, PIOM, but lowered in the Control and PIM treatment 
plots. Significant increase of pH (0.1-0.27 units) and SOM (0.13-0.67%) were found 
in all the treatments, while exchangeable Ca was reduced (2.97-13.36 mg kg'^). The 
PI, PIM, P0 and PIOM treatments significantly raised soil mineral N (3.40-6.91 mg 
ix 
kg-i) and available P (0.69-4.29 mg kg"^ TKN was elevated in the P0 and PIOM 
plots (0.07-0.11g kg-i)，but reduced (0.02-0.17g k g ’ in the Control, P and PIM 
treatments. Exchangeable K was elevated (12.2-74.49 mg kg]) in the P0 and PIOM 
plots. The significance of SOM and TKN to the development of agriculture on the 
slopelands was discussed, so was the myth of K to orange growth. The potential of 
nitrogen-fixing crops on the slopelands was highlighted. 
Integrated farming practices improved total crop productivity against the 
control. For wheat, grain yield decreased in the order of PIOM > PO > PIM > PI > 
Control > P. For soybean, grain production was in the order of PI > PO > PIM > 
PIOM > Control > P. The effect of integrated farm treatments on productivity is 
crop-specific and the PIOM treatment benefited foliage of the soybean more than the 
grain. 
The Control and P treatments were least able to protect the slope soils against 
water erosion. Vetivergrass growing on its own needs at least 6 months to establish 
before it can reduce erosion on the slopes. Conversely, the integrated treatments 
effectively reduced runoff and soil loss, being more prominent under high than low 
intensity rainfall conditions. In this regard, the best results were obtained in the 
PIOM plot which was, however, not significantly different from the PI, PIM and PO 
treatment plots. Likewise, the soil in the PIOM plot contained more moisture, 
consistent with maximum infiltration capacity. 
Production efficiency of the PO treatment was intermediate between that of 
the slope fields and terraced dry fields in Zigui County. It is, however, 
underestimated because ecological benefits arising from land protection and 
externalized production costs of the existing farming systems have not been included 
in the comparison. The applicability of the findings to other parts of the Three 




1.1 Background ofthe Three Gorges Dam Project 
After more than 40 years of deliberations, the Three Gorges Project (TGP) of 
China was finally endorsed by the National People's Congress in 1992. The TGP 
involves the construction of a 185-metre high dam and a reservoir with a storage 
capacity of 44.6 billion m^. The dam has been perceived as a must in the control of 
floods downstream the Changjiang basin, generation of hydroelectric power, and 
improvement of navigation. Apart from these benefits，however, the project also 
encounters numerous problems including the long-term ecological impacts of the 
dam, inundation of valuable lands and the resettlement of over 1 million people 
within the reservoir region. 
The Three Gorges region is an impoverished area of China. It is characterized 
by high population density and growth, lack of transport and communication 
infrastructures, low agricultural productivity, low living standards of people, old and 
inefficient industries, and severe land degradation problems. The population of the 
Three Gorges region is 13,692,700 ofwhich 90.5% are farmers (Xu et al. 1993). The 
2 
average population density is 314 people km' while at the Changjiang valley, it 
2 
reaches 600 people km' (1991 figure). These figures are rising as natural population 
growth is as high as 1.5-1.9% per year (Si et al 1991; Xuet al 1993). 
1 
The population carrying capacity of the land is potentially limited by low 
productivity averaging 3,000-4,000 kg ha"^  as against 9,000-10,500 kg ha"^  for the 
more productive land in China (Yang & Si 1994). The average per capita cultivated 
land is 0.06 ha against the national average of O.llha (Chen & Gao 1988). The 
average per capita grain consumption is 340 kg yr"^  which is lower than the national 
average of over 400kg yr] (Chen & Zhou 1987; Tang et al. 1987; Chen 1991). 
Current grain consumption level, increasing population density and low per capita 
arable land showed that the area is over-populated. 
The rugged terrain and lack of investment input in the last 40 years has 
slowed down development of this region, which remains isolated and backward as 
ever (Chen 1991; Zhou et al 1987). Nearly 38% of this upland region is cultivated 
and 30-50% of the dry lands are found on the slopes steeper than 25°^. 
Deforestation, fertility depletion, low agricultural inputs and inefficient farming 
methods result in soil erosion and land degradation, and hence a vicious circle of 
poverty is initiated in the area (Yang 1987). 
The construction of the dam has been perceived as a hidden threat to the 
overall environment of the region. The project impacts aquatic and terrestrial 
ecosystem, geology, hydrology, climatic conditions, environmental quality, human 
habitat and community health (The Three Gorges Project Ecology and Environment 
Study Group 1987). For example, the problems of endangerment of the white-flag 
dolphin, alteration of the fishery environment, loss of vegetation and land resources, 
1 According to the Chinese Authority, 25° is the upper limit for agricultural activity. 
2 
impact on rare plant habitats and agricultural ecology had been extensively discussed 
by many Chinese experts (Chen & Zhou 1987; Chao et al 1987; Yang 1987; Chen & 
Hua 1987; Tang et al 1987; Jin etal 1987; Geng et al 1987). 
The construction of a reservoir in such hilly terrain may trigger off more 
landslides (Yang & Si 1994). Besides, increased population pressure will aggravate 
the soil erosion and land degradation problems. These processes result in 
sedimentation of the reservoir, a problem which has beset many water conservation 
projects in China (Soulard 1992). After construction of the dam, over 70% of the 
suspended coarser sediments from the upper tributaries of the Changjiang will 
accumulate behind the dam and significantly reduce its storage capacity (Soulard 
1992). This will undermine the reservoirs' flood control and hydroelectric power 
generation capacity as well as its lifespan (Chau 1995). 
In addition, the Changjiang is the most important water way for waste 
disposal in central China. For example, Sichuan province releases approximately 
2.96 billion tons of industrial waste into the Changjiang every year (State Statistical 
Bureau 1996). It is likely that decreased flow rate in the reservoir area and 
downstream will reduce the capacity of the Changjiang to flush out pollutants. 
According to a survey of 1982，about 11.31 tons ofCd, 205.4 tons of Cr^ ,^ 152.2 tons 
of Pb and 203.7 tons of Cu (from both industrial waste and domestic waste water) 
were discharged into Changjiang upstream Yichang annually. Only 10% of these 
heavy metals exist as exchangeable form in suspended particles. Others are bonded to 
oxide or carbonate in suspended particles averaging 0.45-5^im in diameter. This 
3 
speciation of heavy metal will not be released quickly. Instead, the suspended 
particles will be transported downstream or flushed into the sea. However, after the 
completion of the dam, calm water environment enables these small particles to 
accumulate inside the reservoir. This will increase the risk of heavy metals entering 
food chain by biotic fixation (Wei et al. 1987). Moreover, organic waste released 
from inundation of cities, farmlands, factories and hospitals will exhaust the 
dissolved oxygen (DO) in the Three Gorges region. A deeper water environment 
enhances the phenomenon of temperature and DO layering, resulting in lower 
temperature and O2 deficiency in the bottom. Undoubtedly, this phenomenon will 
slow down the decomposition and result in organic pollution of the river (Li et al. 
1987). In short, Water quality will decline after construction of the dam. 
The ecological impact of the TGP is not only confined to the region but also 
to the whole Changjiang Basin. The lower reach of the dam and the lake areas in the 
middle Changjiang will also be affected. The impacts include alteration of the 
downstream river channel, changes of regional climate and lake environment which 
will, in tum, affect agriculture (You et al. 1987; Chu et al. 1987). The mid-stream 
and downstream floodplains are the food baskets of China. However, the dam will 
lower the fresh water table downstream, resulting in irrigation problems in the 
floodplain and salinity development at the estuary (Chen Guojie 1995, personal 
comm.). 
2 
With a total land area of 64,000 km , the reservoir region includes 16 
counties in Sichuan Province and 3 others in Hubei Province. Many facilities will be 
4 
inundated, including 657 factories, 7.6 million m^ of household, 139 power stations, 
956 km highways, 1,106 km transmission lines, 2730 km communication cables, 538 
km broadcasting cables, and 44 protected cultural relics. The total asset loss amounts 
to over RMB 818.76 million (Li 1992 a & b; Xu et al 1993). 
Perhaps the most critical problem resulted from inundation is the loss of 
fertile farmland in the valley bottoms. Of the 632 km^ inundated lands, 
approximately 73.8 km^ are paddy fields, 164.2 km^ are dry bed farms and 49.6 km^ 
are orange groves (Li 1992 a & b). These lands represent the major crop production 
bases in the region. The productivity of these lands is 6,000-7,500 kg ha'\ which is 
30-50% higher than the average productivity of 4,000 kg ha] in the region (Xu et al. 
1993). 
Subsequent to construction of the dam, approximately 1,131,800^ people 
needs to be resettled uphill�. The cost needed in resettlement is estimated to be USD 
23.5 billion (1990 price), representing 32% of the project cost (Li 1992 b). The 
construction of the TGP would take 18 years and hence resettlement would be spread 
out over 12 years. Displacement will be carried out in 4 phases, namely the 
relocation of people at 90，135，156, and 175m water level. Zigui County, Yichang 
2 This is an estimated figure based on 1985 population. In 1985, the resettlement scheme involved 
725,500 people of which 54.16% were urban population and the others were farmers. This revised 
figure takes into account population growth between 1985 and completion year of the project in 
2008 as well as the influx of people from outside the reservoir region (Xu et al. 1993). 
3 Previously, China had bitter experience of resettlement in nearly 30% of its reservoir resettlement 
projects in which the affected people were relocated in remote minority areas (Chau 1995). The 
socioeconomic and cultural differences between the migrants and local villagers caused social 
instabilities. In order to minimize the potential social instability during and after migration, people 
affected by the TGP will be relocated to nearby slopelands up to 600 m. 
5 
County and Xingshan County (Fig. 1.1) are accorded top priority in the resettlement 
exercise because these counties are located close to the Sandouping dam site. 
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Fig. 1.1 The Three Gorges Reservoir Area. 
1.2 Conceptual Background of the Study 
The TGP has not only attracted abundant investments from the central 
government but also created many problems. As indicated above, most of the 238 
km^ drowned farmland are fertile and productive. If the affected people were to be 
relocated uphill, how can they maintain and improve their living standard? In order 
to feed the population and sustain agricultural production, dry bed farming needs to 
be expanded on the steep slopes. The area needed to compensate production is 
believed to be 3 times of those inundated lands. This is because flat arable lands are 
few in the region while environmental degradation severely reduces productive 
6 
» 
capacity of the slopelands. For instance, in the past 40 years continuous cutting 
caused a 30-50% decline in forest cover. Many deforested lands were either 
converted into arable fields or reduced to grassy slopes that are ecologically fragile 
(Yang & Si 1994). More than 30% of slopes steeper than 25° have been cultivated, 
which has exceeded the upper limit set by the central authority. 
Improper management of the rehabilitated slopelands caused severe soil 
erosion problem, and land productivity continued to decline during the last 40 years. 
Some slopelands were even abandoned due to poor soil quality. In order to 
compensate the decline in food production and to meet an ever-increasing demand of 
fuelwood, further cutting and expansion of grain fields on the slopelands is exercised, 
perpetuating the problem of soil erosion and reducing land productivity. A vicious 
circle of poverty was thus initiated (Yang 1987; Chau 1995). 
The average productivity under the existing management scenario is 4,000 kg 
ha_i in the region, which is exceedingly low. Under this circumstance，has the 
population carrying capacity of the slopelands approached its limit? Can they absorb 
more people brought by resettlement? Will the influx of people pose additional 
pressure on the land and aggravate the poverty problem? This issue is not addressed 
in the feasibility study of the project. 
In order to alleviate the problem of poverty in the upland area, sustainable 
development of agriculture is essential. Indeed, many Chinese experts have cautioned 
the severity of this problem and called for viable land management practices 
7 
including soil protective measures, use of fertilizers, mulching and agroforestry. It is 
however easier said than done in a hilly region where inputs are few. 
Under the principle of ^^resettlement with development"，terracing is widely 
practised in the region in an attempt to protect the soil against erosion and to increase 
agricultural production. While terracing is perceived as a universal solution to 
farming on slopes, it is not at all easy to resolve the land scarcity problem. The 
difficulty lies not only on the scale of the problem^ but also on the lack of 
understanding between resettlement and resource allocation, as well as sustainable 
development of the Three Gorges region. 
The reservoir and areas upstream of the Three Gorges Dam must be treated as 
an integral part of an ecosystem or more specifically a river basin. Any agricultural 
activities incompatible with the environment in the region will cause soil erosion and 
land degradation, which perpetuates the vicious circle of poverty. Soil erosion 
undermines the reservoir's flood control, navigation, and power-generation capacity 
(Shen 1992). Therefore, the overall success of the project and sustainable 
development of the reservoir region depends on whether resettlement is tackled 
promptly and sensibly (Chau 1995). 
Located at the vicinity of the dam site, the Zigui County has to relocate its 
affected people sooner than any other counties. The first resettlement exercise 
coincides with 1997 when the Changjiang will be cut off. As shown in Table 1.1, 
4 In the Three Gorges reservoir region, 74% of the lands are mountainous, 21.7% are hilly and only 
4.3% are flatland (Chen and Gao 1988). 
8 
over 60% of the land area in Zigui is steeper than 25° while flat lands (<5°) constitute 
a mere 3.3%. The purple soil is derived predominantly from sandstone, as in other 
parts of the Three Gorges region. 
Table 1.1 Terrain of Zigui County 
Slope gradients of lands % total land area 
^ 33 
5 � - 1 5 ° 9.8 
1 5 0 - 2 5 ° _ 2 6 . 1 
> 25� 60.8 
Source: Mei, R. S. 1995. 
In the resettlement exercise, 67,506 people in the County needs to be resettled 
before completion of the dam, representing 17.6% of Zigui's population in 1991. 
Parallel to this, 3,179.2 ha farmland, 40% of which are productive paddy fields in the 
valley bottoms and river terraces, will be inundated (Xiang 1995). 
"Resettlement with development” scheme has been trialed out in Zigui since 
1985. The local government had converted 5,030 ha steep slopes to terraces for the 
growth of navel orange during the last 6 years, representing 12% of the scheduled 
conversion programme (Zigui Government 1995 a). It has been hailed as a great 
success as revenue derived from navel orange amounted to RMB 1,000 per year, 
which is 3 times more than their original income. However, terracing is not 
necessarily the only answer to agricultural development in Zigui. 
• 
9 
Zigui has an average annual rainfall of 1,000-1,200 mm, 80% of which fall 
within the growing season from May to October. As the Three Gorges area has 
suffered from prolonged land degradation problem，clay-size minerals and organic 
matter are lost from the topsoil. Where soil physical properties are adversely affected, 
land productivity is undermined by a drop in the soil moisture (Yang & Si 1994). 
Furthermore, the upland region in Zigui County, as in other parts of the Three Gorges 
region, is dominated by porous limestone. Effective precipitation for agriculture is 
estimated to be 4% of the total rainfall due to rapid runoff from the steep terrain. 
Water supply is thus a limiting factor to agricultural development in this area because 
the probability of drought occurrence is as high as 70% in recent years (Yang & Si 
1994). For instance, crop productivity is significantly reduced when rainfall is below 
35 mm for a period of 20 days in summer. Given the need to extend terracing, how 
can this problem be solved? Are there any spatial and temporal variations in soil 
moisture supply on the terraces? Field evidence clearly shows that navel orange 
suffers from water deficiency in summer, as indicated by leaf vemation and cracking 
of the skin5. It is therefore clear that terraces alone cannot resolve the problem of 
water deficiency although they are capable of containing soil erosion (Yang & Si 
1994). While more irrigation water is needed, farming must be supplemented with 
measures to conserve soil moisture. What are the viable measures? 
The dimension of terraces is constrained by the mountainous terrain. For 
example, a 5-m wide terrace on a 25° slope needs a retaining wall 2.33 m in height. 
5 During a study tour conducted in August 1995, about 3 oranges per tree developed the water 
deficiency symptoms representing a loss of around RMB 3,750 per hectare of orange grove on the 
terraced slopes. For each orange tree, it needs 50 litre water to rectify the problem when dificency 
symptoms appear, plus a foliar spray of nitrogen. 
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In Zigui, more than 20% of the cultivated slopes are steeper than 25° (Zigui 
Government 1995 b). Despite appeal of the central authority not to cultivate slopes 
steeper than 25°, terracing has virtually gone out of control. These terraces can 
neither hold water nor provide a good base for agriculture. The width of the terraces 
is normally very narrow (2-3m) and the soil is shallow. Moreover, the steeper the 
slope, the higher the retaining walls. For instance, a 5_m wide terrace constructed on 
a 35° slope will have a retaining wall 3.5 m in height. During day time, excessive 
heat reflected from the wall may alter the microclimate of the terraces, increasing 
evaporation of the soil. Will the reflected heat affect crop growth and yield directly 
or indirectly through reduced soil moisture? This problem is easily overlooked where 
guidelines for terracing are not specified. 
A lot of stones are required in construction of the retaining walls. For 
example, about 1,200 m^ rock materials and 2,000 m^ soils are needed to convert 1 
ha of 10°-25° slopelands to terraces. (Zhou, personal communication 1995). Since 
1985 most terraces were constructed with purple sandstone or siltstone that are 
available locally. Are they durable? How long can they last? Given sufficient heat 
and humidity, the sandstones (diameter 30 cm) can be weathered into small 
fragments (diameter 4 cm) within 6 months, resulting in the collapse of retaining 
walls (Yang & Si 1994). Are there other factors conducive to this problem such as 
soil buttressing from above? Nonetheless, substantial maintenance is needed 
although labour cost is disregarded in the cost benefit analysis, if any. 
|一 
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Likewisely, labour cost in the construction of terraces is never properly 
addressed by the local people. It takes 3,000 man-day to convert 1 ha of 10°-25° 
slopelands to terraces, at a cost of RMB8,000. Is the construction of terraces 
economical? In such a rugged area, is there an upper limit above which terracing is 
not cost-effective? Should guidelines be set up for terracing, taking into 
considerations the physical and economic constraints? Owing to the shortage of land, 
the guideline not to cultivate slope steeper than 25° is ignored and more terraces will 
be carved out of the slopes in Zigui. Is terracing cost-effective on these steep slopes 
in the Three Gorges region? Furthermore, one man-day is costed at RMB 2.5 by the 
local government as compared to the market price of RMB 10 (1995 figure). How do 
people then know whether terracing is conducive to sustainable development of 
agriculture in the region? 
Besides, although experiments have shown that terraces effectively reduced 
sediment loss from the slopes (Yang & Si 1994), the inherent carrying capacity of the 
soil is neglected. Likewisely, the socio-economic aspects of terracing are not 
vigorously examined. In reality, there is no simple solution to a problem of this scale. 
While no two counties are the same in terms of socio-economic conditions, terrain 
structure, soil types, and population pressure, any proposed solutions must be 
County-specific. How can terracing be regarded as a cure-all solution to farming in 
the region? Are there any other alternatives that are more sustainable than terracing? 
Apart from terracing, stripping and contour plowing are viable means of soil 
erosion control in upland ecosystems (Young 1989). Agroforestry had also been 
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proven successful in soil and water conservation in many countries (Young 1989; 
Greenfield 1989). It incorporates the growth of farm crops alongside selected woody 
species�It not only improves crop yield but also maintains productive capacity of the 
soil. The farmers benefit from a supply of fuelwood and a diverse income source. 
Can agroforestry be introduced to Zigui where rural energy is lacking? Will specific 
grasses be as efficient as woody species, extensively used in agroforestry systems, in 
controlling soil erosion on the one hand and sustain crop production on the other? 
The effect of plant fences^ on surface runoff and soil erosion on a typical 
agroecosystem in Wangjiaqiao^ had been examined since 1992 (Cai 1995, personel 
communication). Vetiver grass {Vetiveria zizanioides) outperformed Hemerocallis 
fulva, Leuceana leucocephala and Vitex negundo in reducing surface runoff and soil 
loss from the experimental plots on 25° slope. Crop yield is also increased. Soils 
washed from the slopes were checked by the plant fence and terracettes were 
subsequently formed with time behind the Vetivergrass. The findings compared 
reasonably well with overseas studies (Young 1989; Greenfield 1989) where plant 
fence was proven inexpensive but effective in soil and moisture conservation. Hence, 
the use of plant fence, especially Vetivergrass, in optimizing crop production on 
steep slopes deserves more attention by conservationists, soil scientists and the like. 
Is the plant fence as effective as terraces in the control of soil erosion? Is plant fence 
alone capable of maintaining a stable production system? What other measures are 
needed to improve the nutrient-supplying capacity of the soil? 
6 Plant fence (hedgerow) refers to a belt of vegetation, either trees, shrubs or grasses, planted parallel 
to the contour for the control of soil erosion.. 
7 Wangjiaqiao is a small water catchment in Zigui County with an area of 16.7 km^ and a population 
of 4995 (1994 figure )• Terracing was introduced since 1989. 
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Naturally, the study in Wangjiaqiao watershed has some limitations. Many 
farming practices such as mulching, the use of farmyard manure and synthetic 
fertilizer were not incorporated in the experiments. There is no cost-benefit analysis 
to evaluate the sustainable development of agriculture arising from the use of plant 
fence. 
Mulching is popularly used to reduce evaporation and increase moisture 
supply in soil. Decomposition of mulch increases soil organic matter which has a 
great affinity of water. Apart from suppressing weed growth, mulch is also a source 
ofN, P and S. Mulching also decreases the annual amplitude of soil temperature by 
reducing the annual maximum and increasing the annual minimum. Dense mulch 
protects the soil against erosion during rainy seasons^. In short, crop yield is 
increased where sufficient quantity of mulch is applied (Young 1989; Fariaslarios et 
al 1994; Gicheru 1994; Garjri 1994; Yunusa et al 1994). In rural area of China, crop 
residues are normally combusted due to the shortage of fuel. Given the potential 
power supply after completion of the dam, more crop residues could be returned to 
the farm to improve nutrient supply and cycling. How efficient are they in 
ameliorating the water-holding capacity of an upland soil? Do they contain sufficient 
nitrogen and phosphors needed by crop growth? How to optimize their ameliorative 
effects, by chopping them into pieces or additional nitrogen be added to provide a 
favourable C/N ratio? Should they be applied parallel or perpendicular to the 
contours? 
8 Ground covers play an important role in erosion control. It is estimated that a 70% ground cover can 
significantly reduce erosion by more than 90%(Young 1989). 
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Adding farmyard manure (FYM) to the soil increases soil organic matter and 
nutrients, particularly N，P and S. Microbial population growth and enzyme activities 
can also be stimulated, resulting in enhanced aggregate stability, moisture retention 
ability, pH buffering capacity of soil and crop yield (Dick et al. 1988, 1995; 
Sommerfeldt et al. 1988; Tisdale et al 1985). In Zigui County, FYM is a byproduct 
of many agro-ecological systems^ and is currently used as the main source of 
fertilizer by the local farmers. As an organic fertilizer and owing to the diverse 
sources, its properties are not clearly understood. Do they contain sufficient N to 
speed up mineralization after addition to the soil? Will they improve the soil 
aggregate stability, water- and nutrient-holding capacity of the mountainous soil? 
What shall be the frequency and optimal loading rate of application? What treatments 
are needed prior to its use? What is the best method of application in order to 
minimize leaching loss of nutrients from the slopelands, surface or deep application? 
Synthetic fertilizers provide NPK and other micro-nutrients to crops. Urea, 
ammonium bicarbonate and calcium superphosphate are now available in Zigui. In 
Wanxianio, an average of 774 kg ha] synthetic fertilizer were applied annually, 
representing RMB 786 ha'^  (1981 figure). While the farmers have suffered from low 
inputs, the application of inorganic fertilizers will no doubt boost productivity of the 
region (Xu et al. 1993; Tang et al 1987; Yang & Si 1994) and indeed the trend is 
becoming popular in this backward region. In conventional commercial farming, the 
9 Agro-ecological system refers to any farming system that can provide diverse income to farmers in 
China. The system makes use of ecological principles of food chain and energy flow to produce 
different crops, notable example being the mulberry dike-fish pond complex of South China. 
1° Wanxian County, in Sichuan Province, is one of the 19 counties to be inundated in the Three 
Gorges Project. 
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improper use of inorganic fertilizers can cause many environmental problems viz. 
soil acidification, leaching loss of NO3, NH4, groundwater contamination and lake 
entrophication. Notwithstanding these, the judicious use of mineral fertilizer is 
required to boost agricultural productivity in the region in view of meagre inputs in 
the last 40 years. While organic farming is becoming fashionable in many developed 
countries today, is it a cure-all in Zigui where the soils are shallow and where erosion 
is severe? Integrated crop management incorporating the use of organic and synthetic 
fertilizer may be an answer to modem agriculture and, if this is the case, what shall 
be their respective loading rates in a steep terrain like Zigui? To What extent will the 
effectiveness of mineral fertilizer be enhanced by FYM? Moreover，is the combined 
use of organic and synthetic fertilizers acceptable to the local people? 
1.3 Objectives and significance 
Located at close proximity to the dam, Zigui County will be affected by the 
rising pool level sooner than any other inundated areas in the Three Gorges region. 
Altogether 67,506 people need to be relocated uphill within the County, half of 
which are farmers. In view of the harsh biophysical environment and a poor socio-
economic environment, the sustainable development of agriculture on the slopeland 
is all the more essential to a smooth resettlement of the farmers (Fig. 1.2). In view of 
the questions raised above, we examined the combined effect of plant fence 
(Vetivergrass) and farm management practices on land productivity in Zigui County. 

























































































































































































































































































































1. To investigate the effect of integrated farming on the physical and chemical 
properties of the newly rehabilitated soils; 
2. To examine the effect of integrated farming on water loss and sediment yield 
from the newly rehabilitated soils; 
3. To investigate crop productivity under different farm treatments; and 
4. To compare production efficiency between integrated farming and existing 
agricultural production systems in Zigui County. 
This study is basically an extension of the study conducted by Cai and Zhang 
(unpublished, 1995), in which Vetivergrass has been identified as an efficient plant 
fence capable of reducing runoff and controlling soil erosion on steep slopes. In the 
present study, Vetivergrass is likewisely used as a plant fence on the experimental 
plots which are separately amended with mulch, combined fertilizer and farmyard 
manure. The changes of soil properties and its nutrient-supplying capacity will be 
examined parallel to the monitoring of surface processes and crop yield. This will be 
supplemented with a production efficiency analysis to ascertain whether the proposed 
farm practices are profitable and can sustain agricultural production on the steep 
slopes. There is no reason why results obtained form this study cannot be applied to 
other areas of the Three Gorges region. 
1.4 Organization of the thesis 
There are seven chapters in this thesis. Chapter 1 is the introduction which 
consists of a review of the Three Gorges Dam Project，socio-economic status of the 
18 
Three Gorges Region (TGR), and the conceptual framework of the study. Chapter 2 
describes the study area and experimental plot design. The effects of integrated 
farming practices on soil physical properties and chemical properties are discussed in 
Chapter 3 and 4，respectively. Chapter 5 deals with the effects of integrated farm 
treatments on water and soil loss. Chapter 6 compares the economic viability of 
integrated farming treatments against existing agricultural production systems in 
Zigui County. Chapter 7 is the concluding chapter which summarizes the major 
findings and implications of the study. Limitations of this study and suggestions for 
further researches are also included. 
In the thesis, integrated farm treatments and integrated farming practices are 




Study Area and Experimental Design 
2.1 Zigui County 
Zigui County is located at 110°18'E to 111°0'E and 30�38'N to 31� i rN， 
west of Hubei Province of China. It is one of the poorest counties in the TGR, and 
the administrative capital Zigui City is situated on the northern shore of the 
Chiangjiang river, 40 km upstream the proposed Three Gorges Dam. The total area 
ofthe county is 2,427 km^ ofwhich 11.15% (405,915 mu^) are cultivated lands. In 
� 1990，the cultivated lands were made up of 82.8% (336,098 mu) dry beds and 17.2% 
(69,817 mu) wet beds (Zigui Government 1991). While dry beds are dominant in 
Zigui County, they occupy slopes of different gradients (Table 2.1). In 1995, despite 
China's policy to discourage cultivation on slopes steeper than 25。，17.16% of the 
dry beds fell in this category (Zigui Government 1996). 
Table 2.1 Composition of dry bed farms 
Slope of land Area of farm (膽） ％ of total dry bed area 
~ ~ < 5 ^ 92816.4 2 L ^ 
5°-15° 104060.6 23.79 
15�-25� 84901.4 19.99 
>25° 72878.6 17.16 
Source: Zigui Government (1996). 
11 mu is a traditional Chinese unit of farm land. It is equivalent to 666.7 m .^ 
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In 1995，Zigui County had a total population of 421,700 and 92.3% were 
farmers. Over 44.6% of the total population had received primary education while 
illiteracy rate was 19% (Zigui Government 1996). Between the period 1949-1995, 
the population had increased by 74.58% and per capita cultivated land decreased 
simultaneously from 2.24 mu to 1 mu (Mei 1995). As one of the poorest counties in 
the TGR，commodity agriculture is not well developed and farmers lack diversified 
income sources (Zhou et al. 1987; Chen 1991; Mei 1995). 
2.2 Geology 
Zigui County is bordered by the Huangling anticline to the east and the Zigui 
syncline to the west, products of the folding activities in the Proterozoic era 2.5 
billion years ago (Zigui Government 1991; Mei 1995). During the depositional 
period which lasted from Sinian period to Permian period about 0.2 to 1 billion years 
ago, clastic and carbonate rock strata were formed within the county. This was 
followed by the formation of dolomite, limestone, conglomerate, calcareous shale, 
and other colluvial and alluvial deposits between the Triassic and Cretaceous periods 
about 3 million to 0.2 billion years ago. In a nutshell, 48% of the rocks were formed 
in the Mesozoic era and the rest in the Paleozoic era. As the terrain is heavily 
dissected by water and faults, the landscape is dominated by gorges and interlocking 
valleys (Zigui Government 1991; Mei 1995). The major depression in the central part 




Situated in the subtropical region，Zigui County has a continental monsoon 
climate. According to meteorological observations made in 1959-1985, the county 
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receives an annual solar radiation of 365-420 Jcm" , being higher in the north than in 
the south. There are on the average 260 frost free days in a year. Temperature and 
precipitation vary considerably within the county. The average annual temperature 
ranges from 6° to 18.3°C while annual precipitation range is 950-1,590 mm. Overall, 
the annual precipitation across the county is 1,439.2 mm which is concentrated in the 
summer months of June to September (Zigui Government 1991; Mei 1995). 
^ 
2.4 Soil and vegetation 
The sedimentary rocks in Zigui County are easily weathered, as in other parts 
of the TGR. The hot humid climate in summer facilitates the physical weathering of 
sandstones and shales, resulting in the rapid formation of purple soils (Yang and Si 
1994). With a steep topography and as a result of deforestation in the past, the land 
is subject to heavy erosion which either removes part of the topsoil or beheads the 
profile. Forty percent of the total land area are reduced to semi-weathered gravels, 
on which a new cycle of weathering is initiated. The purple soils, therefore, lack 
profile differentiation and where disturbances have been great, they resemble a 
skeleton soil. 
The purple soils are slightly acidic to slightly alkaline in reaction. They 
contain low levels of organic matter (SOM), the critical limit of which is 3% (Brady 
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1990). Only 9.1% of the cultivated soils record a SOM content greater than 3% 
while majority of them contain 1-3%. Worse still, 30% of the dry beds contain less 
than 1% organic matter (Zigui Government 1991). Derived from sedimentary rocks, 
the purple soils are also deficient in nitrogen, phosphorus and potassium. For 
instance, 45% of the cultivated lands contain less than 60 ppm mineral nitrogen, the 
critical limit of which is 50 ppm (Dutton & Bmdshaw 1982). 
The natural vegetation in Zigui County was severely disturbed in the past. 
Deforestation since the 1950s had reduced 22.8% forest cover (Zigui Government 
1991; Mei 1995). Severe erosion had tumed 40% ofthe land to bad land^^ and 20% 
j 
to bare land^^ (Mei 1995). After completion of the Gezhouba hydro-electrical station 
in the mid-1980's, a massive reforestation programme was undertaken by the 
government to protect the environment and conserve water resource. The bare slopes 
are revegetated with Pinus massoniana and Rohinia pseudoacacia and as of to date, 
most of the secondary woodlands are young and simple in structure. 
2.5 Study area 
The study area is located at Wangjiaqiao (WJQ) Watershed, in the northern 
• • 2 part of Zigui County (Fig. 2.1). The watershed comprises an area of 16.7 km，with 
an altitude of 183.7-1113.7 m. The lowest part of the watershed is just above the 
inundation line after completion of the Three Gorges Dam (Zigui Government 
12 Bad land refers to the situation when land cover is less than 3%. 
13 Bare land refers to the situation of less than 10% land cover. 
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1995). Because of this, it is chosen as a watershed for the resettlement of people. The 
slopes are terraced and converted to orange groves to accomodate the new settlers. 
The WJQ watershed transcends the NE-SW fault line developed on strata of 
sandstone, siltstone and mudstone. These rocks were formed from continental 
deposits of the Upper Jurassic Period (Zigui County Annal, 1991). The terrain is 
heavily dissected by water and gravity erosion. In 1988, 74.3% of the land area in 
WJQ watershed are subject to soil erosion and the mode of erosion amounted to 
2 
3,605 tons km" (Zigui Government, 1995). 
The WJQ watershed is dominated by purple soils, the pH of which ranges 
from neutral to strongly alkaline (^H>8.5). Similar to most soils in Zigui County, 
they are deficient in SOM, nitrogen, phosphorus and potassium. The water-holding 
capacity of the coarse soil is low, and soil depth in severely eroded areas is rarely 
sufficient for normal crop (Zigui Soil Survey Office, 1985). 
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2.6 Experimental design 
To fulfill the objectives outlined in Chapter 1，a plot experiment is initiated 
in the WJQ watershed. A slope west of the WJQ Hydrological Monitoring Station, 
located at the mouth of the Wangjiaqiao River, was chosen for this study because of 
two reasons. First, it was a bare slope which had never been cultivated. Second, the 
field plots could be managed by the technicians who also manned the station. After 
clearance of the natural vegetation, six experimental plots, each measuring 2 x 10 
rn , were constructed on the rehabilitated slope at 250 m ASL and facing east (Plate 
2.1). They were built of bricks and sitting on 25° slope, the suggested upper limit of 
cultivation in China. At the back and upslope the field plots, a berm was built to hold 
back runoff. In a nutshell, the plots consisted of newly rehabilitated slope soils which 
had never been cultivated before. They represent the same type of soil which new 
resettlers will have to cultivate. 
The layout of the experimental plots is shown in Figure 2.2. In a separate 
study conducted by Cai (Cai 1995，personal comm.), Vetivergrass had been found 
suitable for growth as plant fence to check erosion on slopes in Zigui County. The 
present study was an extension of Cai,s study, and Vetivergrass was likewisely 
grown as plant fence on the plots. Three rows of evenly spaced Vetivergrass were 
sprig-planted at 10 cm centre to centre in the experimental plots, except the control. 
There were two lines ofVetivergrass per row. 
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Plot l Plot2 Plot3 Plot4 Plot5 Plot6 
C P PI PIM P 0 PIOM 
Fig. 2.2 Layout of the experimental plots 
Note: 
1. =Vetivergrass (plant fence), 10 cm centre to centre and evenly spaced. 
2. C = Control, P = Plant fence PI = Plant fence + inorganic fertilizers, 
PIM = Plant fence + inorganic fertilizers + mulch P 0 = Plant fence + organic fertilizer, 
PIOM = Plant fence + inorganic fertilizers + organic fertilizer + mulch 
Each of the experimental plots was also subject to additional farm treatments， 
in an attempt to optimize benefits in integrated farming. Apart from the control and 
the hedgerow plots, the other four plots were separately amended with，singly or in 
combinations, inorganic fertilizers, mulch and piggery manure (Table 2.2). For easy 
reference, these plots were designated in the thesis as: 
(1) Control without any treatments; 
(2) P plot consisting of the plant fence Vetivergrass; 
(3) PI plot consisting of plant fence and inorganic fertilizers; 
(4) PIM plot consisting of plant fence, inorganic fertilizers, and mulch; 
(5) P0 plot consisting of plant fence and the organic fertilizer of piggery 
manure; and 
(6) PIOM plot consisting of plant fence, inorganic fertilizers, piggery manure 
and mulch. 
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Table 2.2 Experimental plot design 
Plot Treatments 
Number Plant Inorganic Organic Mulch Plot 
Fence (P) Fertilizer (I) fertilizer (0) materials(M) Symbol 
1 X X X X Control 
2 V X X X P 
3 V V X X PI 
4 V V X V PIM 
5 V X V X P0 
6 V V V V PIOM 
Plant fence - Vetivergrass {Vetiveha zizanioides) hedgerow. 
Inorganic fertilizer - ammonium bicarbonate, 1.5 kg plot'^; calcium superphosphate, 1.5 kg plot"\ 
Organic fertilizer - wet piggery manure, 44 kg plot"\ 
Mulch material - dry rice stubble, 10 kg p l o t : 
The inorganic fertilizers used in this study were actually combined fertilizers 
of ammonium bicarbonate and calcium superphosphate, which were easily available 
in Zigui County. The loading rate was 1.5 kg each per experimental plot, where 
appropriate. The piggery manure was obtained from the pig sty of the WJQ 
Hydrological Monitoring Station, loading rate being 44 kg p lof \ Mulch or rice 
stubble was uniformly applied to the soil at a loading rate of 10 kg plot]. They were 
applied prior to the cultivation of each crop, so was the planting of Vetivergrass. All 
planting, irrigation, weeding and maintenance works were undertaken by staff of the 
WJQ Hydrological Monitoring Station. Owing to misunderstanding, however, the 
treatments applied to the PI and PIM plots before the cultivation of the second crop 
(soybean) were reversed although Vetivergrass remained the same. This point 
warrants special attention in the interpretation of results. 
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Wheat and soybean, two popular crops in Zigui County, were grown on the 
experimental plots in winter and summer, respectively. Planting density was uniform 
among the plots. Comprehensive soil survey was conducted prior to planting and 
after the harvest of each crop. Rainfall simulation was undertaken to assess water 
loss and sediment yield from each of the plots. 
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Chapter 3 
Effect of Integrated Farming Practices on 
Soil Physical Properties 
3.1 Introduction 
Soil aggregate is a group of soil particles formed by natural physical forces 
such as root pressure, repeated wetting, soil microbial activities (Brady 1990)， 
organic matter (Chaney & Swift 1984; Gollany et al 1991; Dressel et al. 1993), and 
texture (Quirk 1979; Skidmore et al 1992). As an important attribute of the soil, it 
controls soil air, moisture, flows of nutrient to plants (Young 1989; Oades & Waters 
1991) and detachability of soil particles during rainfall (Lal 1979). On the slopelands 
in Zigui County, soil stability is of paramount importance in sustaining productive 
capacity of the land and hence development of sustainable africulture. Unfortunately, 
studies on soil aggregation and how water stable aggregates change with cultivation 
in the TGR are few in the literature. 
The soils under investigation are unique because weathering of the calcareous 
parent materials is still active. Are stable aggregates present in these newly 
rehabilitated soils and how will they change with cultivation when no protective 
measures are provided, as is often the case in Zigui County? 
It is universally agreed that soil aggregation is mainly brought about by 
organic matter which must be replenished continuously. While straw application 
recovered aggregation and permeability of a poorly structured cultivated soil in the 
long run (Lal et al 1994; Becker et al 1994), similar effects were found when FYM 
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had been added continuously to the soils for 5 years (Brucer et al. 1995) and 90 years 
(Schjounning et al. 1994). In this study, mulch and organic manure were added to the 
soils before the cultivation of each crop. Will there be an enhancement of water-
stable aggregates in the soils after the cultivation of one year? This is crucial to the 
farmers who have to rehabilitate the slopelands and face the problem of sustainable 
land resource development. 
Likewise, aggergate formation is closely related to the quantity and quality of 
organic matter in the soil (Chaney & Swift 1984; Dressel et al. 1993). Will there be 
any differences in aggregate stability for plots separately amended with inorganic 
fertilizer, mulch and organic manure? Recognizing the above knowledge gap, the 
objective of the present experiment is to examine the texture and aggregate stability 
of the soils that have been subjected to different treatments. Results obtained from 
this experiment will provide answers to the following questions: 
1. What is the textural composition and aggregate stability of the newly rehabilitated 
soils? 
2. How will the different farming practices affect the texture and aggregate stability 
of the cultivated soils? 
3. How will cultivation affect the texture and aggregate stability of the newly 
rehabilitated soils? 
4. Which type of farming practice will enhance soil aggregation and prevent 
coarsening of the soil? 
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3.2 Methodology 
3.2.1 Sampling Methods 
Soil samples were collected at two depths, 0-15 cm and 15-30 cm, in the 
experimental plots by adopting the systematic random sampling technique. Three 
samples were collected in early November, 1995 prior to the cultivation of winter 
wheat, 1 each from the 3 grids of each experimental plot (Fig. 3.1a). Each of the 
sample was a composite of 5 sub-samples randomly collected inside the grid. This 
will represent the control samples prior to cultivation. After the harvest of wheat in 
late April, 1996, each grid was divided into 2 sub-grids for systematic sampling (Fig 
3.1b). Likewise, soil samples were collected after the harvest of soybean in 
November 1996. Altogether there were 180 samples. Immediately, they were 
returned to the Soils Laboratory, Department of Soil Physics and Chemistry, 
Huazhong Agricultural University in Wuhan and ari-dried. Texture and aggregate 
stability were analysed by technicians of the laboratory. 
(a) Before cultivation (b) After harvest of wheat and soybean 
Fig. 3.1 Soil sampling 
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3.2.2 Soil Texture 
Soil textural classes of the International Soil Science Society were followed 
in the analysis: 
Table 3.1 Soil textural classes 
Textural class Particle size 
Coarse sand 2-0.2 mm 
Fine sand 0.2-0.02 mm 
Silt 0.02-0.002 mm 
Clay <0.002 mm 
After air drying of the soil, texture was determined by the Bouyoucos 
hydrometer method and results were expressed as percentage of coarse sand, fine 
sand, silt and clay, after moisture correction (Allen 1989). 
3.2.3 Aggregate Stability 
Aggregate stability was determined by the wet-sieving technique with the 
sieve combination of 2，0.2, 0.02，and 0.002 mm (Klute 1986). Results were 
expressed as percent Mean-Weight-Diameter (MWD) after moisture correction, and 
calculation was based on the following formula of Chaney and Swift (1984): 
MWD = Z ^)er cent of sample on sieve x mean intersieve size) 
33 
3.2.4 Statistical analysis 
Statistical analysis was performed by use of the SPSS 6.0 statistical package 
(for Windows). The differences of percentage texture and percentage MWD among 
treatments were tested by Duncan' s Multiple Range Test. The significance level of 
all tests was set at 5%, unless otherwise indicated. 
3.3 Results 
In this section, the effect of cultivation on texture and aggregate stability of the 
newly rehabilitated soils are presented. Special emphasis is placed on the changes of 
these two parameters with treatments and cultivation. 
3.3.1 Effect of integrated farming practices on soil texture 
In the control plot, there were no changes in the percentages of coarse sand, 
fine sand and silt for both soil layers after the cultivation of one year (Table 3.2). For 
clay, however, coarsening occurred in both layers after the growth of soybean. 
Table 3.2 Soil textural change in the control plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0.2-0.02 mm) (0.02-0.002 mm) (<0.002 mm) 
Soil layer 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm~~0-15cm~~~15-30cm 
Background 27.50' 28.00' 2 6 ^ 26.27' 23.42' 2 4 ^ 2 Z ^ 21.73'' 
After Wheat 26.63' 28.30' 26.98' 26.65' 23.85' 23.05' 22.53' 22.00' 
After Soybean 27.93' 28.30' 27.37' 26.70' 24.15' 23.62' 20.55^ 21.38^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan ‘ s 
Multiple Range test. 
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In the experimental plot planted with hedgerow (P) alone, none of the 
fractions recorded any changes after the growth of wheat (Table 3.3). After soybean 
growth, however, the percentages of coarse sand and fine sand were reduced in the 
bottom (15-30 cm) soil layer. This was accompanied by an increase in silt. 
Coarsening occurred in the topsoil layer after soybean growth too, as indicated by a 
reduction in clay percentage. 
Table 3.3 Soil textural change in the hedgerow (P) plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0. 2-0.02 mm) (0.02-0.002 mm) (<0.002 mm) 
Soil layer 0-15cm~~15-30cm~~0-15cm~~15-30cm~~0-15cm~~15-30cm~~0-15cm~~15-30cm 
Background 30.32' 2 ^ ' 2 ^ ? 2 8 ^ 2 L 0 ? 2 T T 7 2 o 3 ^ 20.37' 
After Wheat 31.27' 30.18' 26.88' 27.87' 21.27' 21.28' 20.58' 20.67' 
After Soybean 30.67' 27.22^ 28.27' 26.60^ 21.73' 25.95^ 19.33^ 20.23' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
Textural change with treatments and cultivation was more complicated in the 
PI treatment plot than the control and P plots. Significant changes were found for 
the coarse (coarsening) and fine (fining) sand fractions after the growth of wheat 
(Table 3.4). Overall, the percentage of coarse sand was significantly reduced in both 
soil layers after soybean growth. The trend was reversed for fine sand in the 0-15 cm 
layer, and for silt in both the 0-15 and 15-30 cm layers. The clay fraction remained 
unchanged throughout the study period. 
Table 3.4 Soil textural change in the PI plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0.2-0.02 mm) (0.02-0.002 mm) (<0.002mm) 
Soil layer 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
Background 36.32' 35.07' 24.65' 26.30' 21.18' 2 0 W H ^ f 7 ^ “ 
After Wheat 38.82^ 35.07' 22.98^ 26.18' 20.76' 20.90' 17.43' 17.85' 
After Soybean 30.88' 31.62^ 26.15' 25.35' 24.77^ 25.13^ 18.20' 17.90' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
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The pattem of textural change for the PIM treatment plot was somewhat 
similar to the PI counterpart. Overall, the percentages of coarse sand and clay were 
reduced, in the soils after cultivation of one year. This was accompanied by an 
increase of the fine sand and silt fractions (Table 3.5). 
Table 3.5 Soil textural change in the PIM plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0.2-0.02 mm) (0.02-0.002 mm) (<0.002 mm) 
Soil layer 0-15cm 15-30cm~~0-15cm 15-30cm 0-15cm~~15-30cm 0-15cm 15-30cm 
Background l 4 0 ? ~ ~ 4 0 ^ ~ ~ 2 6 ^ ^ ~ ~ 2 7 J 0 ^ ~ ~ l U T ~ ~ " K s T ~ ~ K o T ~ ~ 1 5 . 7 3 ' 
After Wheat 29.12^ 38.93' 27.83'^ 25.48' 23.52^ 19.67^ 19.53^ 15.92' 
After Soybean 28.20^ 27.25^ 28.78^ 28.32^ 24.47' 25.45' 18.55' 18.98^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
In the P0 treatment plot, no changes were detected after wheat growth except 
a slight increase of clay in the 15-30 cm layer (Table 3.6). This process of fining was 
extended to the 0-15 cm layer after soybean growth. Similarly, coarse sand and fine 
sand fractions were reduced in the 15-30 cm and 0-15 cm layers respectively after 
one year of cultivation. This was accompanied by an increase of the silt fraction in 
both layers. 
Table 3.6 Soil textural change in the P0 plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0.2-0.02 mm) (0.02-0.002 mm) (<0.002 mm) 
Soil layer 0-15cm~~15-30cm~~0-15cm~~~15-30cm~~0-15cm~~15-30cm~~0-15cm~~~15-30cm 
Background 26.73' 29.10' 32.33' 30.53' 22.38' 2 Z ^ I s 3 ? 17.73' 
After Wheat 24.90' 28.58' 34.00' 30.52' 22.40' 22.18' 18.70' 18.72^ 
After Soybean 26.23' 26.35^ 27.58^ 30.87' 26.58^ 23.85^ 19.60^ 18.93^ 
Column means sharing the same letter are not significantly different at the 5% evel by Duncan' s 
Multiple Range test. 
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A significant reduction of coarse and fine sand in the bottom soils (15-30 cm) 
of the PIOM treatment plot was detected after wheat growth (Table 3.7). A reversed 
trend was found for the silt fraction, which increased in the 15-30 cm layer after 
soybean growth. The percentage of clay increased significantly after one year of 
cultivation, a fining process similar to the PIM and P0 counterparts. 
Table 3.7 Soil textural change in the PIOM plot 
Textural class Coarse sand Fine sand Silt Clay 
(particle size) (2-0.2 mm) (0. 2-0.02 mm) (0.02-0.002 mm) (<0.002 mm) 
Soil layer 0-15cm~~~15-30cm~~0-15cm~~15-30cm 0-15cm~~15-30cm 0-15cm 15-30cm 
Background 28.22' 28.73'' 29.67' 30.07' 23.48' 22.60' f S ^ T s W ~ 
After Wheat 26.05' 30.33^ 31.58' 27.90^ 24.05' 22.87' 18.32' 18.90'^ 
After Soybean 27.15' 28.05' 33.25' 26.87^ 19.60' 25.70^ 20.00^ 19.38^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
3.3.2 Effect of integrated farming practices on aggregate stability 
The percent mean weight diameter (MWD) of the newly rehabilitated soils 
prior to cultivation was shown in Table 3.8. It ranged 40.65- 52.31% in the 0-15 cm 
layer, and 40.23-52.00% in the 15-30 cm layer. Considerable variations existed in 
different plots; hence effects arising from treatments and changes occurring with time 
of cultivation were separately presented below. 
Table 3.8 MWD (%) of soil prior to the experiment 
MS MWD 
0-15cm 15-30cm 
C 4 S W 4 S W 
P 44.86" 4O.23b 
PI 48.2lb 48.88� 
PIM 52.31' 52.00^ 
P0 4O.65d 41.06b 
PIOM 4i.33d 4i.34b 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
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In the control plot, MWD decreased with time of cultivation although the 
magnitude of decrease was only significant in the topsoil layer (Table 3.9). When 
hedgerow (P) was introduced, MWD of the soils increased significantly after wheat 
growth but returned to levels comparable to the background data after one year of 
cultivation. A somewhat similar increase in MWD was observed for the 0-15 cm 
soils of the P0 treatment plot, although the effect of wheat was more prominent than 
soybean. 
Table 3.9 Effect of treatments on MWD of the soils 
Plot ~ ~ C o n t r o l ~ ~ P Pl H M ¥ 6 ~ ~ P I O M ~ 
Layer T B T B T B T B T B T B ~ 
Background~~~ 45.84' 45.97' 44.86' 40.23' 48.21' 48.88' 52.31' 53.00' 40.65' 41.06' 41.33' 41.34' 
After Wheat 45.46' 46.04' 53.07^ 45.66^ 47.68' 47.92' 51.19' 54.99' 51.13^ 43.90' 42.71' 42.20' 
After Soybean 39.75^ 39.93' 45.89' 39.82' 51.4ia 47.3ia 44.28' 45.4lb 46.29' 45.18' 40.57' 40.70' 
T :Top 0-15 cm soil; B : Bottom 15-30 cm soil 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range Test. 
In the PIM treatment plot, MWD of the soils remained unchanged after 
wheat growth but dropped significantly at the end of the year. Soil aggregate 
stability remained the same throughout the study period for the PI and PIOM 
treatment plots (Table 3.9). 
The net change of MWD as a result of treatments and cultivation was 
summarized in Table 3.10. After the growth of wheat, a net increase was found in 
both layers of the P, P0 and PIOM treatment plots while that of the topsoil layer of 
the remaining plots largely decreased. A net decrease of water-stable aggregates 
occurred in all the treatment plots after soybean growth, except the 0-15 cm layer of 
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the PI plot and 15-30 cm layer of the P0 plot. Overall, aggregate stability of the 
newly rehabilitated soils was enhanced in both layers of the P0 treatment plot, as 
well as the 0-15 cm layers of the P and PI plots. The decrease of water-stable 
aggregates with cultivation was most severe in the control and PIM treatment plots. 
Table 3.10 Net Change of MWD with cultivation 
Plot After Wheat After Soybean Year 
~ L a y e r 0-15 cm 15-30cm 0-15 cm 15-30cm 0-15cm 15-30cm 
~C -0.38' M f T n ^ ^6^11^ ^^6W' ^ 6 ^ ~ 
P 8 . 2 l b 5 . 4 3 a -7.18' - 5 . 8 4 a b l . 0 3 a b -0.4iab 
PI -0.52' -0.96' 3.73b _o.61^ 3.20b -1.57'^ 
PIM -l.i2a 1.99' -6.92' -9.58^ -8.03' -7.59' 
P0 10.48b 2.83' -4.84' 1.28^ 5.64^ 4.11^ 
PIOM 1.38' 0.86' -2.i4ab -1.50ab -0.77'^' -0.64'^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan' s 
Multiple Range test. 
3.4 Discussion 
Soil erosion is a prevalent common in the TGR. Under the policy of 
“Resettlement with Development", rehabiltation of slopelands is needed to provide 
arable lands to the farmers. The problem is expected to intensify, which not only 
affects productivity but also leads to silting of rivers and reservoirs. Hence, 
monitoring the changes of soil texture and aggregate stability will provide some 
basic information about the slope environment and the effects of farming practices. 
Textural composition not only influences soil pore distribution and the quality of 
mineral colloids, but also the soil air and water relationship, cation exchange as well 
as nutrient holding capacity. It is considered as one of the most basic determinants of 
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soil fertility. While a well aggregated soil is more resistant to erosion than a loose 
soil, aggregation can be enhanced by the presence of finer particles. Texture and 
aggregate stability are therefore interrelated attributes which deserve special attention 
in the rehabilitation of slopelands in Zigui County. The discussion below clearly 
demonstrates what had happened to the texture and aggregate stability of the soils 
during and after one year of cultivation. 
3.4.1 Soil textural change in relation to integrated farming practices and 
cultivation 
The purple soils in the experimental plots were newly rehabilitated, yet they 
varied considerably in textural composition. Texturally，the soils belong to the class 
of sandy clay loam and sandy loam (Table 3.11). Compared with the ideal soil 
which contains 40% sand, 40% silt and 20% clay (Brady 1990)，they contained more 
sand but less silt while the clay content varied from 16.88% to 22.03%. Hence, it is 
not truly an ideal soil. How would it respond to integrated farm treatments on the 
25° slope? 
Table 3.11 Soil texture ( % ) � 
~ M o t ~ ~ Sand(2-0.02mm)(2) Silt (0.02-0.002mm) Clay (<0.002mm) Soil type(�> 
~C 54.27 23.71 22.03 Sandy clay loam 
P 58.49 21.08 20.44 Sandy clay loam 
PI 61.17 21.08 17.76 Sandy loam 
PIM 64.08 19.13 16.88 Sandy loam 
PO 59.35 22.51 18.14 Sandy loam 
PIOM 58.39 23.04 18.62 Sandy loam 
(1) Mean value of top (0-15 cm) and subsurface (15-30 cm) layers. 
(2) Calculated by summing up the % of coarse sand (2-0.2 mm) and fme sand (0. 2-0.02 mm). 
(3) Brady (1990) 
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The change of soil texture during cultivation can be accounted by at least 
three factors, namely in situ weathering of the parent materials, lateral removal of 
fine particles resulting in coarsening of the surface soil, and downward movement of 
finer particles resulting in the fining of subsurface soil (Lal 1987). Will the soils in 
the experimental plots exhibit a similar pattem of change (i.e. surface coarsening, 
subsurface fining) and if yes, how will the different treatments moderate this pattem 
of change? 
After the cultivation of soybean, coarsening of the clay fraction was only 
detected in the 0-15 cm layers of the control and PI treatment plots. This is expected 
because neither mulch nor FYM were added to the two treatment plots. The land 
surface was exposed to raindrop impact and during surface erosion, the finer clay-
size particles were more easily removed than the coarser particles. Indeed, the 
percentages of coarse sand, fine sand and silt fractions largely remained unchanged 
in these two treatments. Similar result was found in a 3-year runoff plot experiment 
in India where less land protective measure (mulch) led to higher runoff and soil loss 
(Khybri 1989). That coarsening occurred after soybean growth in summer further 
confirmed the important role of rainfall in initiating soil erosion. What are the 
implications of this coarsening effect on the soil? If land protective measures are not 
adequately provided, the soils will become coarser with time and suffer from a 
decline in CEC, water- and nutrient-holding capacity. In the event the surface soil is 
removed, coarsening will occur in the subsurface soil. Ultimately, this will affect 
crop productivity and the sustainable development of agriculture. As a corollary, the 
use of plant fence alone in the first year of rehabilitation was not able to prevent 
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coarsening of the surface soil. Will the situation be reversed if the use of 
Vetivergrass is prolonged? Alternatively, increasing the width of the plant fence may 
help reduce runoff speed and the intensity of coarsening. Nonetheless, more research 
is needed to examine the planting matrix of the plant fence in this regard. 
While the percentages of coarse sand and fine sand largely decreased with 
cultivation in the PI, PIM, PO and PIOM treatment plots, that of silt increased. This 
finding differed from others which reported a coarsening of the soil during 
cultivation (Lal 1987). It could be caused by either a faster in situ weathering rate of 
the parent materials into silt in these experimental plots or a higher erosion hazard in 
the control and hedgerow (P) plots. In the TGR, pebbles of sedimentary rocks with a 
diameter of 30 cm could easily be weathered into smaller fragments of 4 cm 
diameter within 6 months (Yang & Si 1994). Although physical weathering could 
occur in all the experimental plots, those receiving inorganic fertilizer and piggery 
waste amendment might have a higher rate of chemical and biological weathering. 
This is facilitated by carbon dioxide released and dissolved into carbonic acid from 
root metabolism and breakdown of organic wastes. Besides, a good growth of crops 
on the PO, PIM and PIOM treatment plots could fumish the soil with organic acids 
that would participate in chemical weathering. This finding clearly suggested that the 
newly rehabilitated soils are very dynamic in nature, the texture of which changes 
rapidly. Of course this is also a cause for concem in slope failure. 
In a nutshell, textural changes were detected after the newly rehabilitated 
soils had been cultivated for one year. However, the changes varied with integrated 
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farm treatments. While a coarsening effect was detected in the control and P plots, 
the percentage of clay increased under the PIM, PO and PIOM treatments. Given the 
possibility that clay fractions in the soil will increase with time，the sandy loam may 
one day be converted to a loam soil, an ideal soil for cultivation. 
3.4.2 Aggregate stability of the newly rehabilitated soils 
The MWD of the newly rehabilitated soils was 45.22, which is exceedingly 
low when compared against the mean of 140.96 for 25 British soils (Chaney and 
Swifl 1984). This can be accounted by severe disturbance of the soils following 
deforestation from 1950-1980. Although silts are continuously replenished by 
physical weathering of the parent materials, there are simply not enough organic 
substances to convert them to water-stable aggregates. It is well documented that 
soil organic matter decreases with cultivation (Lal & Steward 1990; Young 1989). 
Will rehabilitation of the slopelands for cultivation further reduce MWD of the 
soils? To what extent will amendment with mulch and piggery manure alleviate the 
problem? 
In the control plot where protective measures were absent, MWD decreased 
with cultivation and the magnitude of decrease was higher, though not significant 
statistically, than the P, PI and PIOM treatment plots. This is expected because 
rainsplash can easily disintegrate the water-stable aggregates in soils (Jackson 1989). 
Runoff (868.21 liter) and sediment yield (5,667.6 gm) from this plot were also higher 
than other plots during the high intensity rainfall simulation (see Chapter 5). 
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Obviously, protective measures are needed to prevent disintegration of soil 
aggregates. 
Aggregate formation is dynamic and influenced by external forces including 
the rainfall regime. After the growth of winter wheat, a net decrease of MWD 
occurred in the top 15 cm soil of the Control, PI and PIM treatment plots. In the 15-
30 cm soil, a decrease was only detected in the PI treatment plot. It is thus fairly safe 
to conclude that in the drier season, subsoil aggregates were less susceptible to 
disintegration than the surface ones. This situation changed during soybean growth in 
summer when a uniform decrease of MWD down the soil profile was detected, 
except the P0 treatment. Heavy rainfall in summer, therefore, was more detrimental 
to soil aggregation than the lighter rains in spring. This clearly suggests that newly 
formed water-stable aggregates, notably in the P，P0 and PIOM treatment plots, 
were unable to withstand the impact of rainsplash in the rainy season. Ploughing of 
the soil before the cultivation of soybean could have undermined aggregate stability, 
as was reported by Lal (1987). As a corollary, perennial crops such as citrous fruit or 
forest are preferred to annual ones becuase they provide a continuous cover of the 
land and reduce rainsplash impact by leaf interception. Alternatively, minimum or 
zero tillage of the second crop (rainy season) may alleviate this problem. Because the 
results were obtained after the cultivation of one year, the long-term changes of 
aggregate stability deserves further study. 
After one year of cultivation, aggregate stability of the 0-30 cm soils was 
only improved in the P0 treatment plot (Table 3.10). Elsewhere, a small increase was 
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detected in the surface 15 cm soils of the P and PI treatment plots. This clearly 
demonstrates the importance of organic manure in the formation of water-stable 
aggregates. MWD likewisely decreased after the growth of soybean, yet it was more 
than compensated by the substantial increase after the first crop. Unlike the P and PI 
treatments, this beneficial effect was extended to the lower layer. Nevertheless, the 
beneficial effects of FYM and mulch in improving soil aggregate statbility was also 
reported by Lungu et al (1993) and Drogovoz (1994). Although the net increase was 
not significantly different among the treatments, the long-term change of aggregate 
stability deserves further investigation. In this regard, priority should be given to the 
serach of viable measures that can stabilize the soils in summer. 
3.5 Conclusion 
From findings of this experiment, the following conclusions can be 
summarized: 
1 • Texturally, the newly rehabilitated soils are typical sandy clay loam and sandy 
loam, MWD ofwhich ranged 40.23-52.31. 
2. After the cultivation of one year, coarsening of the soils occurred in the Control 
and hedgerow (P) plots. On the other hand, the percentages of clay increased in 
the PIM, P0 and PIOM treatment plots. The highest increase of MWD (4.11-
5.64%) in the 0-30 cm soil was only detected in the P0 treatment. The Control 
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and PIM treatments were least able to prevent disintegration of water-stable 
aggregates, resulting in the highest decrease in MWD among the six treatments. 
3. The effect of winter wheat on texture was inconspicuous. After the growth of 
soybean in summer, however, coarsening of the soils in the Control and PI plots 
was detected. A net increase of MWD was recorded in most of the treatments (P， 
P0 and PIOM) after the growth of winter wheat. There was, however, a decrease 
for all the treatments after the growth of soybean in summer. 
4. The PIM, P0 and PIOM treatments raised the percentage of clay in the soils while 
MWD was only elevated in the P0 treatment plot. Therefore, the P0 treatment not 




Effect of Integrated Farming Practices on 
Soil Chemical Properties 
4.1 Introduction 
Integrated farming practices had different effects on soil texture and 
aggregate stability (Chapter 3) of the experimental plots. These effects varied 
between crops, and were largely positive on newly rehabilitated soils. As farming is 
regarded as a mining activity characterized by nutrient depletion (Wild 1988 a, b), 
how will nutrient status of the newly rehabilitated soil change with cultivation? Will 
the soil chemical properties be likewisely ameliorated by the different treatments and 
if yes, what shall be the productive capacity of the soils after one year of cultivation? 
Soil chemical properties include soil reaction, mineral solubility and 
bioavailability, cation exchange behavior and buffering action. Among these the 
bioavailability of nutrients has been extensively studied under different contexts. Of 
the fourteen elements are needed by plants, N, P, K, Ca, Mg，and S are 
macronutrients while the remaining ones are micronutrients (Brady 1990). Their 
behavior in soils is subjected to climatic, pedologic and human influences. While 
climatic and pedologic influences were held constant in the present study, 
anthoropogenic treatment could verify nutrient-supplying capacity of the soils with 
time. How will this vary with the different integrated farming practices? 
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Soil fertility and crop productivity can be improved by the use of fertilizer 
(Wild 1988 a; Brady 1990; Hera 1996; Larson & Frisvold 1996; Ledgard 1996; Nel 
et al 199$)，animal and green manure as well as mulch (Brechin and Mcdonald 1994; 
Dressel et al 1993; Mapaona et cdl994; Persson and Kirchmann 1994; Schjouning et 
a/.1994). Many of these results were obtained from long-term studies, they are not 
necessarily transferable to Zigui County where the topography is steep and where 
purple soil is extremely dynamic (see Chapter 4). Because people will be resettled in 
the upland area, land protective measures must be adopted to sustain agricultural 
production and to protect the environment. Inorganic fertilizers, FYM and mulch 
materials are available in the TGR although their effect on sustaining soil fertility 
and agricultural production has not been systematically examined. Recognizing this 
knowledge gab, the present experiment monitored the change of soil chemical 
properties in the experimental plots for a period of one year. The objectives are 
twofold: (a) to investigate the effect of integrated farming practices on soil chemical 
properties, and (b) to evaluate the productive capacity of the newly rehabilitated soils 
after one year of cultivation. Results obtained from this experiment will provide 
answers to the following questions: 
1. What are the inherent properties of the purple soil in Zigui County? 
2. How will the soil properties change with time of cultivation in the absence of any 
farm protective measures? 
3. Is plant fence (P) alone adequate to sustain the nutrient-supplying capacity of the 
soil? 
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4. How will the soils respond to the combined treatment of Vetivergrass hedgerow 
and inorganic fertilizer(PI)? 
5. How Will the soil respond to the combined treatment of Vetivergrass hedgerow, 
inorganic fertilizer and mulch materials(PIM)? 
6. How will the soil respond to the combined treatment of Vetivergrass hedgerow 
and piggery manure(PO)? 
7. What effect will the combined treatments of Vetivergrass hedgerow, inorganic 
fertilizer, organic fertilizer and mulch(PIOM) have on properties of the cultivated 
soils? 
8. How soon will the effect of integrated farming practices on the newly rehabilitated 
soil be detected? 
9. What is the best farming practice for Zigui County among the six treatments? 
4.2 Methodology 
4.2.1 Sample treatment 
The soils collected for texture and aggregate stability analysis (Chapter 3) 
were also used for the analysis of chemical properties. There were 3 rounds of 
collection, namely before any integrated farm treatments were applied to the 
experimental plots ^sfovember 1995), and after the harvest of wheat (May 1996) and 
soybean p^ovember 1996). Immediately after each round of collection, the samples 
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were returned to the Soils Laboratory in Huazhong Agricultural University. Three 
quarters of each sample were air dried at room temperature and passed through 2 mm 
sieve. A ,subsample of the <2 mm soil was further passed through 100 mesh sieve 
(0.15 mm). Another portion of the fresh sample was likewisely sieved at 2 mm and 
0.15 mm, and stored in the fridge at 4±lOC. Each sample was replicated 6 times. All 
analyses were undertaken by staff of the Soils Laboratory in Huazhong Agricultural 
University. 
4.2.2 Soil reaction 
Soil pH was measured by mixing 10 grams of 2 mm air dry soil with 0.01M 
KC1 at a ratio of 1:2.5 (w/v). After shaking for 10 minutes, the soil suspension was 
tested for pH by the glass electrode method. KC1 is used instead of water because it 
acts as a buffer solution preventing salts from ionising (Smith and Atkinson 1975). 
4.2.3 Organic carbon 
Organic carbon was determined by the Walkley Black partial oxidation 
method. 0.5 gram of 0.15 mm air dry soil was used. Potassium dichromate and 
concentrated sulphuric acid were used in the oxidation of organic matter (Jackson 
1958) before titration with ferrous sulfate heptahydrate, using o-Phenanthroline-
ferrous complex as indicator. Soil organic matter (SOM) content was estimated by 
multiplying the organic carbon content with a factor of 1.724 (Chaney and Swift 
1984). 
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4.2.4 Total Kjeldhal nitrogen (TKN) and 
available nitrogen pSH4-N and NO3-N) 
Total nitrogen was determined by the Kjeldhal macro-digestion method. One 
gram of 0.15 mm air dry soil was digested in conc. sulphuric acid，copper sulphate 
and potassium sulphate (Jiang 1983). Free ammonia was liberated from the digest 
by steam distillation in the presence of excess alkali. The distillate was collected in a 
receiver containing excess boric acid, and determined titrimetrically，using 0.01M 
hydrochloric acid. 
Ammonium nitrogen was determined by extracting 10 grams of 2 mm fresh 
soil in 2M KC1. NH4-N was likewisely determined by steam distillation, as 
outlined above for TKN. Nitrate nitrogen was determined colorimetrically by the 
phenodisulfonic acid method, after extracting 50 grams of 2 mm fresh soil with 
calcium sulphate (Jiang 1983). NH4-N and NO3-N were added up to give the mineral 
nitrogen value. 
4.2.5 Total and available phosphorus 
Total phosphorus was determined by digesting 1 gram of 0.15 mm fresh soil 
in mixed acids of perchloric acid, nitric acid and sulphuric acid at a ratio of 1:5:0.5. 
The molybdenum blue method was used for the determination of total phosphorus, at 
absorbence of 700 nm. Available phosphorus was likewisely determined by the 
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molybdenum blue method, after extracting 10 grams of 0.15 mm fresh soil with 
O.5MNaHCO3 (Jiang 1983). 
4.2.6 Exchangeable K, Ca and Mg 
Ten grams of 2 mm air dry soil were extracted with 250 ml lM ammonium 
acetate at pH 7 for the determination of exchangeable K, Ca and Mg. Exchangeable 
K was determined by flame emission，and Ca and Mg by atomic absorption 
spectrophotometry (Jiang 1983). 
4.3 Statistical analysis 
0 
Statistical analysis was performed by using the statistical package of SPSS 
(for Windows). Considerable variations were found for the background values of the 
newly rehabilitated soil, hence the difference for each parameter between crops (after 
rehabilitation, after harvests of wheat and soybean) was first tested by Duncan's 
Multiple Range test (DMRT). The net change of each parameter among the 6 
treatments was then tested by the DMRT again. Intra-layer differences were not 
compared in the same test because they were inter-related (Little & Hills 1978). The 
confidence level of the test was set at p<0.05. 
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4.4 Results 
4.4.1 fiffect of integrated farming practices on soil reaction 
The soils were alkaline in reaction before and after the cultivation of crops, 
pH ranging 8.03-8.38 (Table 4.1). Overall, pH increased by 0.04-0.25 units in the 
topsoil layer and 0.14-0.26 units in the subsoil layer after the first crop. The lowest 
pH rise occurred in the PI treatment while the highest was found in the P0 treatment, 
both being significantly different from the others ( Table 4.2). pH rise in the subsoil 
layer was not significantly different between treatments. 
Table 4.1 Soil reaction pH 
Sampling 0-15cm 15-30cm 
time ~~C P P ! ~ ~ P m ~ ~ P O P I O M ~ C P ¥1 ~ ~ ? m ~ ~ P 0 PIOM 
Background 8.09^ 8.09¾ 8.18^ 8.1ia 8.12a g.Oga 8.0ga 8.12a g .^a g.l3a 8.08^ 8.04¾ 
After Wheat 8.23b 8.27b 8.22¾ 8.30b 8.38b g.26b 8.23b 8.26b 8.25b 8.36¾ 8.34b 8.30b 
After Soybean 8.36C 8.32b g.28a 8.28b 8.34b 8.30^ 8.27b 8.25b 8.38C 8.30b 8.3lb 8.34b 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
With exception of the PO and PIM treatment plots, pH largely continued to 
increase after the second crop although the magnitude ( 0.04-0.14 units) was smaller 
than the first crop. A difference in soil pH between crops was only significant in the 
top 15 cm soil of the control plot ( Table 4.1). Again, pH change in the subsoil was 
not significantly different between treatments after the second crop. 
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Table 4.2 Net change of pH 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
C O4^ O l ? 0 l 7 0 ^ 0 ^ 0.18^' 
P 0 . i 7 a c 0 . i 5 a 0.05ab -0.0” 0.23' 0.14' 
PI O.O4b 0.14' 0.06ab 0.13' 0.10a O.27bc 
PIM O.i9ae 0.23a -O.O2b -0.06' O.i7a O.i7ab 
P0 0.25' 0.26a -O.O3b -0.04' 0.23^ 0.02'^' 
PIOM 0.18'' 0.26a O.O4ab 0.04' 0.22^ 0.30' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in pH. 
Soil alkalinity increased after the newly rehabilitated soils had been 
cultivated for one year. Although pH increase did not differ significantly between 
treatments in the topsoil, it was more conspicuous in the control than any other 
treatment plots. 
4.4.2 Effect of integrated farming practices on soil organic matter 
The soils contained less than 1% organic matter (SOM) before cultivation. 
An increase of SOM with time was observed (Table 4.3) but the magnitude of 
increase varied with treatments and layers. After the growth of wheat, SOM in the 0-
15 cm layer increased significantly in the PI, PIM, P0 and PIOM plots while that of 
the Control and P treatments remained unchanged (Table 4.3). In the 15-30 cm 
layer, significant increase of SOM only occurred in the Control and P0 treatments. 
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After the growth of soybean, further increase of SOM was detected, except in the 
bottom soils of the Control, P, PI and PIM treatment plots. 
Table 4.3 Soil organic matter (%) 
Sampling 0-15cm 15-30cm 
time ~ C P n ~ ~ P m ~ ~ P O PIOM C P ? l ~ ~ H M ~ ~ P 0 PIOM 
Background 0.76» 0.76a o.66a 0.65a o.70a 0.5ia 0.62¾ 0.73¾ 0.63a o.6S>a 0.64a o.63a 
After Wheat 0.72¾ 0.74a o.75b 0.7S>b 0.82b 0.78^ 0.70b 0.75ab 0.77¾ 0.76¾ 0.75b 0.73^ 
After Soybean 0.90b 0.89b o.94c 0.92c 1.16c l.lgc 0.86^ 0.87b i.i6a 0.82» 0.83^ 1.03b 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Where SOM increased, it was more prominent in the top soil than the bottom 
soil, except the PI treatment ( Table 4.4). After the growth of wheat, SOM rise in the 
top soil decreased in the order ofPIOM > PIM, PI, PO > P, Control. Such difference 
was not found in the bottom soil. A similar trend was found after soybean growth 
although a minor but insignificant increase also occurred in the Control and P plots. 
SOM in the topsoil increased significantly after one year of cultivation, 
except the Control and P plots. The highest increase (0.67%) was detected in the 
PIOM plot, being followed by PO (0.46%), PI (0.28%), PIM (0.27%), Control 
(0.14%) and P (0.13%) treatment plots. In the lower layer, SOM did not increase 
significantly against the Control in any of the treatments after the cultivation of two 
crops. 
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Table 4.4 Net change of soil organic matter (%) 
Period Wheat Soybean Year 
Layer 0-15cm 15-3Qcm 0-15cm 15-30cm Q-15cm 15-30cm 
C -O.O3a 0.08' 0.18' 0.16' O.i4a 0.24' 
P -0.02' 0.02' O.i5a 0.12' 0.13' 0.14' 
PI O.i2b 0.14' 0.16' 0.39' 0.28b 0.53' 
PIM 0.14b 0.07' 0.13' 0.06' O.27b 0.13' 
P0 O.i2b 0.11^ 0.34b 0.09a 0.46' 0.20' 
PIOM 0.27' 0.10' 0.4Qb 0.28& 0.67^ 0.38^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in soil organic matter. 
4.4.3 Effect of integrated farming practices on available nitrogen 
After the growth of wheat, soil available nitrogen increased in the surface 
soils of the PIM, P0 and PIOM plots as well as in the bottom layer of the P, P0 and 
PIOM plots (Table 4.5). While available nitrogen remained unchanged in the topsoil 
layer of the Control, P and PI plots, there was a significant decrease in the lower 
layer of the Control plot. After the growth of soybean, further increase of available N 
was detected in the surface soils of the PI, PIM, P0 and PIOM plots but not in the 
Control and P plots. Overall, maximum nitrogen increase was detected in the topsoil 
ofthe PIOM plot (15.5%) and in the subsoil ofthe P0 plot (9.7%). 
Table 4.5 Available nitrogen (mg kg]) 
Sampling 0-15cm 15-30cm 
time C P PI PIM P 0 PIOM C P PI PIM PO PIOM 
Background 42.33"^ 44.62" 42.48' 4 3 . 9 3 a 44.07a 4 4 . 4 5 a 42.67a 39.03" 43.20^ 43.50^ 41.50^ 44.27^ 
After Wheat 40.24^' 43.85^ 44.15^ 45.63^ 47.82b 48.61^ 39.12^ 42.69^ 42.43" 44.58& 45.24^ 45.48^ 
After Soybean 41.24^ 44.50^ 46.43b 4 7 . 3 3 c 5 0 . 6 5 � 5 1 . 3 6 � 3 9 . 3 3 ^ 42 .9 lb 42.98a 4 3 . 3 3 a 4 5 . 5 3 b 4 4 . 9 6 ^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
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The change of available N varied with treatments, layers and crops. After the 
growth of wheat, a decrease of 2.09-3.55 mg kg"^  N was found in both layers of the 
Control plot (Table 4.6). Conversely, N increment in the topsoil of the PI, PIM, PO 
and PIOM treatment plots was significantly higher than the Control. The use of plant 
fence (P) alone also resulted in a decrease of available N. A less conspicuous pattem 
of N increment was found for the subsurface soil although significant increase was 
only detected in the P treatment plot. 
After the growth of soybean, available N increased further except in the 
subsurface layer of the PIM and PIOM treatment plots. For the topsoil layer, the 
increment decreased in the order of PO > PIOM > PI > PIM > C > P. On the other 
hand, the changes of available N in the bottom soil was not significantly different 
among the treatments. 
Table 4.6 Net change of available nitrogen (mg kg" )^ 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
~C ^ I ^ -3.55' 1.00"D 0 ^ -1.09' -3.34' 
P -O.77ab 3.66b 0.65' 0.22' -0.12' 3.88^ 
PI l.67bc -0.78ac 2.28ab 0.56' 3.95be -O.22ac 
PIM 1.70bc 1.08'' 1.70ab -1.26' 3.40^ -0.18'' 
PO 3.75' 3.74ab 2.83b 0.28' 6.58' 4.03' 
PIOM 4.16' 1.22'' 2.75b _o.53^ 6.91� 0.69^' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in available N. 
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After the cultivation of one year, available N in the top 15 cm soil decreased 
significantly in the Control (-1.09 mg kg" )^ and P (-0.12 mg kg" )^ plots while all the 
other treatments recorded a significant increase of 3.40-6.91 mg kg"\ Again, 
maximum increase coincided with the P0 and PIOM treatments. In the bottom 
layer, however, available N increased only in the P，P0 and PIOM plots while a net 
decrease was found for rest of the treatments.. 
4.4.4 Effect of integrated farming practices on total Kjeldahl nitrogen (TKN) 
After the growth of wheat, TKN decreased in both soil layers in the Control, 
P, PI and PIM treatment plots. However, there were no changes in the top 15 cm 
layer of the P0 and PIOM plots, as well as in the subsurface layer of the PIOM plot 
(Table 4.7). TKN stabilized after the harvest of soybean and the only increase 
against the first crop coincided with the PI treatment. After one year of cultivation, 
TKN decreased by 0.17-0.02 g kg"^  in the 0-15 cm layer, and 0.20-0.02 g kg"^  in the 
15-30 cm layer. A significant rise of TKN (0.04 g kg" )^ was detected only in the top 
15 cm soil ofthe PIOM treatment plot (Table 4.8). 
There exists significant differences in the reduction of TKN among the 
treatments between crops. After the growth of wheat, the magnitude of reduction in 
the topsoil layer decreased in the order ofPIM > P, PI, P0, C > PIOM. In the bottom 
layer, the greatest decrease occurred in the P treatment (-0.24 g kg"^ ) and the least in 
the PIOM treatment (-0.04 g kg"^ ) while a net increase of 1.08 g kg"^  was found for 
the PIM treatment. After the growth of soybean, there was a minor increase of TKN 
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regardless treatments and soil layers while no change was detected in the topsoil of 
the Control plot. 
Table 4.7 Total Kjeldahl nitrogen (g k g ' � 
Sampling 0-15cm 15-30cm 
time ~~C P P l ~ ~ P l M ~ ~ P 0 PIOM C P P l ~ ~ P M ~ ~ P 0 PIOM 
Background 0.56' 0.52' 0.56' 0.63' 0.58' 0.50' 0.54' 0.50' 0.68' 0.55' 0.53' 0.50' 
After Wheat 0.50^ 0.45^ 0.49^ 0.45^ 0.52' 0.54'^ 0.43^ 0.47^ 0.44^ 0.40^ 0.41^ 0.46' 
After Soybean 0.50^ 0.45^ 0.54¾ o.46b 0.57' 0.57^ 0.44^ 0.47^ 0.48c o.40b 0.42^ 0.47' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Table 4.8 Net change of total Kjeldahl nitrogen (g kg" )^ 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
~C ^^oW -0 .1产 -0.00' OM^ -0.06如 -0.10'' 
P -0.08^ -O.24b 0.00' 0.00' -0.08' -0.02' 
PI -0.07' -0.15' O.O5b O.O4b -O.O2b -0.20b 
PIM -0.18^ 1.08be O.Oiab 0.00' -0.17' -0.i5bc 
P0 -0.07' -0.i2cd 0.05b 0.01' -0.02b -O.liabe 
PIOM 0.04' -O.O4ad O.O3ab O.Or O.O7d -O.O3ae 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease of TKN. 
4.4.5 Effect of integrated farming practices on available phosphorus 
A significant increase of available phosphorus was found in both soil layers 
after the growth of wheat (Table 4.9). However, a significant decrease in both layers 
occurred in the Control as well as in the 15-30 cm layer of the hedgerow (P) plots. 
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The decrease in these two treatment plots was arrested after the second crop. A 
further significant increase of available P was detected in the topsoil layer of the PI, 
PO and PIOM plots. Maximum available P increase occurred in the PIOM treatment 
plot, averaging 231% and 164% for the 0-15 cm and 15-30 cm layers, respectively. 
Table 4.9 Available Phosphorus (mg kg" )^ 
Sampling 0-15cm 15-30cm 
time C P PI PIM PO PIOM C P PI PIM PO PIOM 
Background 3.72' 3.76' 3.40' 3.50' 3.55' 3.28' 4.05' 4.00' 3.20' 3.30' 3.10' 3.30' 
After Wheat 3.32^ 3.85^ 3.96^ 4.22^ 4.41^ 5.74^ 3.18^ 3.41^ 3.66^ 3>.9f 4.26^ 5.26^ 
After Soybean 3.30^ 3.90^ 4 .26�4.32^ 4.79' l.ST 3.18^ 3.58^ 3.89' 4.00' 4.32^ 5.40^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
The magnitude of increase differed significantly between treatments after the 
growth of wheat, but not soybean (Table 4.10). In the top 15 cm soil, changes of 
available P decreased in the order of PIOM > PO, PIM > P, Control. In the bottom 
soil, the sequence of increase was in the descending order of PIOM > PO > PIM, PI 
> P, Control. 
Table 4.10 Net change of available phosphorus (mg kg" )^ 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
C - 0 . 4 0 ^ - 0 . 8 7 a _ o . o r 0 . 0 0 a _ o . 4 3 ^ _ O . 8 7 a 
P 0.09ab -O.59a 0.02' 0.17' 0.14' -0.42^ 
PI 0.56bc 0.46b 0.01' 0.23' 0.87^ 0.69� 
PIM 0.72' O.67b 0.04' 0.03' 0.82^ 0.70' 
PO 0.86' 1.16' 0.01' 0.06' 1.23^ 1.22^ 
PIOM 2.46^ l.95d 0.00' 0.15' 4.29� 2.10� 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease available P. 
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As shown in Table 4.10，the changes of available P were not significantly 
different among the treatment plots in both layers after the growth of soybean. 
However, after one year of cultivation, net change varied tremendously with 
treatments in both layers. In the top 15 cm layer, net increment decreased in the order 
of PIOM > PO, PI, PIM > P, Control. A somewhat similar pattem was found for the 
bottom layer, although the absolute values of increment were smaller against the top 
soil. Overall, a net decrease of available P occurred in both layers of the Control, as 
well as in the 15-30 cm layer of the hedgerow (P) plot. 
4.4.6 Effect of integrated farming practices on total phosphorus 
Total P largely remained unchanged after crop growth. A minor but 
insignificant decrease was recorded in the topsoil of the PIM and PO treatment plots 
after the growth of soybean (Tables 4.11 and 4.12). 
Table 4.11 Total phosphorus (g kg]) 
Sampling 0-15cm 15-30cm 
time ~~C P Pl~~PlM~~PO PIOM C P H ~ ~ ™ ~ ~ P O PIOM 
Background 0.41' 0.40' 0.40' 0.40' 0.42' 0.42' 0.41' 0.42' 0.41' 0 .4l ' 0 .4l ' 0.4l ' 
After Wheat 0.41' 0 .4l ' 0.43' 0.42' 0.44' 0.45' 0.43' 0.40' 0.41' 0 .4l ' 0.44' 0.43' 
After Soybean 0.40' 0.43' 0.43¾ 0.45a 0.45' 0.45' 0 . 4 ” 0.37' 0.4ia 0.42¾ 0.4l ' 0.44' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
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4.12 Net change of total phosphorus (g kg" )^ 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
C - O . O r 0 . 0 2 ' 0 . 1 4 a _ 0 . 0 2 " - 0 . 0 2 ' 0 . 0 0 ' 
P O.Oia -0.02' O.O5ab -0.03' O.O3a -0.04' 
PI 0.02' 0.01' 0.06ab 0.02' 0.03^ O.Ol' 
PIM 0.0” 0.00' -O.O2b 0.02^ O.O5a 0.02^ 
P0 O.O2a 0.03' -O.O3b -0.03' 0.04a _o.oo^ 
PIOM O.O3a Q.Q2' O.O4ab 0.01" O.O3a 0.02' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in total P. 
4.4.7 Effect of integrated farming practices on exchangeable potassium 
Exchangeable potassium varied with treatments between crops and soil 
layers. After the growth of wheat, exchangeable K increased significantly in the top 
15 cm soil of the PIM treatment but decreased in the lower layer of the PI and PIOM 
plots (Table 4.13). No changes were detected for rest of the treatments. After the 
growth of soybean, exchangeable K increased in the top 15 cm soil of the P0 and 
PIOM plots, as well as in the bottom soil of the PI plot as compared with the first 
crop. A decrease, though insignificant, was detected in both layers of the plot treated 
with hedgerow (P) alone. No changes were recorded for the remaining treatments. 
Table 4.13 Exchangeable potassium (mg kg"^ ) 
Sampling 0-15cm 15-30cm 
time C P PI PIM PO PIOM C P PI PIM P 0 PIOM 
Background 90.52¾ l00.35' 92.93a 86.73a 90.07a 92.02a 89.00a 96.17a 95.50a 83.00a 82.53a io3.35' 
After Wheat 97.13& 95.28& 93.77a io2jgb 87.80a 90.73a 96.87^ 92.18"^ 81.42^ 91.30a81.43a 80.95b 
A f t e r Soybean 87.27^ 84.18^ 101.73a 91.i8a 107.92b i69.51b 8 3 . 1 7 ^ 80 .08^ 93.iga 83.89a 94.73a 87.97^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
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Net Changes of exchangeable K varied with treatments, crops and soil layers 
too (Table 4.14). After the growth of wheat, net increment was found in both layers 
of the PIM and Control plots, as well as in the top 15 cm soil of the PI plot. The 
remaining treatments recorded a decrease, being most prominent in the uppermost 
layer of the hedgerow (P) plot and in the bottom layer of the PIOM plot. After 
soybean growth, a drastic decrease occurred in the PIM, P and Control plots while 
the remaining treatments yielded a net increase. 
After the cultivation of one year, consistent decrease of exchangeable K 
occurred in both layers of the PI treatment. For rest of the treatments, the magnitude 
of increase was higher in the 0-15 cm layer than the 15-30 cm counterparts. Overall, 
net increment was most prominent in the PIOM treatment plot, being followed by the 
P0 and PIM counterparts. 
Table 4.14 Net change of exchangeable potassium (g kg'^) 
Wheat Soybean Year 
Treatments 0-15cm~~15-30cm~~0-15cm~~~15-30cm 0-15cm 15-30cm 
~C 6 ^ T W -9.87' -13.16' -3.25ab -5.29'' 
P -5.O7b -3.98bd -11.10' -12.10' -16.17' -16.08' 
PI O.83ab -14.08' 7.97b 1176^ 8.80bc -2.33'^'^ 
PIM 16.04' 8.30' -11.60" -7.4l' 4.44^' 0.89^' 
P0 -2.27ab -1.10b 2O.i2b 13.30b 17.85' 12.20cd 
PIOM -1.28ab -7.02^ 78.78' 22.40*' 77.49^ 15.38^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in exchangeable K. 
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Net change of exchangeable K varied with treatments, crops and soil layers. 
After the growth of wheat, a maximum increase was observed in the PIM treatment 
while a decrease was found in the P, PO and PIOM plots. After the growth of 
soybean, a drastic increase of available K was found in the PIOM treatment, being 
followed by the PO and PI counterparts. 
4.4.8 Effect of integrated farming practices on exchangeable calcium 
Topsoil exchangeable Ca increased in the PI, PIM and PO treatment plots 
after the growth of wheat, but decreased after soybean growth ( p<0.05). A similar 
pattem was found for the Control although wheat growth did not likewisely raise 
exchangeable Ca against the background value. Exchangeable Ca in the hedgerow 
plot (P) remained the same throughout the study. A gradual decrease with 
cultivation was found in the PIOM treatment. 
In the 15-30 cm layer, exchangeable Ca was elevated after the growth of 
wheat in the Control, P and PI treatment plots but remained unchanged in the 
remaining plots. The element was significantly reduced against the background 
values after soybean growth. 
Table 4.15 Exchangeable calcium (mg kg'^) 
Sampling 0 - 1 5 c m 1 5 - 3 0 c m 
time C P PI P I M P O P I O M C P PI P I M P O P I O M 
Background 53.00a 49.95a 52 .32» 52.30a 48.42» 47.30a 52.33& 47.50a 50. 17a 52.40a 48.13¾ 45.20a 
A f t e r Wheat 54.07a 50.77¾ 54.25b 59.07b 50.93b 45.32b 53 .75b 49_73b 58.57b 5 2 . 1 7 a 47.O8a 45.60^ 
A f t e r Soybean 44.63^ 49.33^ 42.68c 45.32c 36 . 18c 34 . 18c 43.87c 44.53C 42.23c 44.72b 34.88^ 38.2Sb 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
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Table 4.16 shows the net change of exchangeable Ca between crops. Overall, 
a net increase was found for most treatments after wheat growth, being most 
prominent in the top 15 cm soil of the PIM plot (6.77 mg kg"^). On the other hand, 
the net increase of the same layer among the Control, P，PI and PO treatment plots 
(0.82-2.52 mg kg" )^ was not significantly different while a reduction ofl .98 mg kg'^  
was found for the PIOM plot. A less conspicuous pattem was found in the 15-30 cm 
layer and where an increase was recorded, the magnitude was greater than the 
corresponding topsoil layer. A net decrease of 0.23-1.05 mg kg'^  occurred in the PIM 
and PO plots. 
After the growth of soybean, there was a net decrease of Ca in both layers of 
all the treatment plots and the magnitude of decrease was higher in the PI, PIM, PO 
and PIOM treatment plots than the P and Control counterparts. This pattem was 
repeated after the slopelands had been rehabilitated and cultivated for one year. 
Table 4.16 Net change of exchangeable calcium (mg kg"^ ) 
Wheat Soybean Year 
Treatments 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 
~C L 0 ^ 1.42'' -9.43' ^ 9 ^ -8.37'' -8.47' 
P 0.82' 2.23' -l.43b -5.20^ -0.62^ -2.97^ 
PI 1.93' 8.40b -11.57' -16.33' -9.63' -7.93' 
PIM 6.77b -023ae .13.75d _745d _6.98e -7.68' 
PO 2.52' -1.05' -14.75^ -12.20' -12.23^ -13.25' 
PIOM -1.98� 0.40ac -11.13' -7.32^ -13.12^ -6.92' 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in exchangeable calcium. 
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4.4.9 Effect of integrated farming practices on exchangeable magnesium 
After the growth of wheat and soybean, a reduction of exchangeable 
magnesium in the top 15 cm soil was detected in the Control, P and PI treatment 
plots. On the contrary, the PO treatment resulted in an increase of exchangeable Mg 
while the remaining treatments had no effects. 
Table 4. 17 Exchangeable magnesium (mg kg'^) 
Sampling 0-15cm 15-30cm 
time ~ C P P l~~PlM~~PO PIOM C P H P M ~ ~ P O PIOM 
Background 1.23' 1.04' 1.18' 1.14' 1.15' 1.07' 1.21' 0.98' 1 .08 '”1 .07 ' 1.05' 1.10' 
After Wheat 1.27' 1.07' 1.15^ 1.17' 1.21^ 1.09' 1.33^ 1.03' 1.15^ 1.22^ 1.13^ 1.08' 
After Soybean 0.87^ 0.96^ 1.11^ 1.13¾ 1 . 3 0 � 1 . 0 3 ' 0 . 9 8 � 1 . 0 1 ' 1.14b 1.13c 1.37^ I.13' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
In the 15-30 cm soil, exchangeable Mg increased significantly after the 
growth ofwheat in the Control, PI, PIM and PO plots while that ofthe P and PIOM 
treatments remained unchanged. After the cultivation of soybean, exchangeable Mg 
in the control plot was reduced to a level lower than the background value. 
Furthermore, a slight decrease against the first crop was detected in the PIM 
treatment plot and the only increase coincided with the PO plot. Exchangeable Mg in 
both the hedgerow (P) and PIOM plots remained unchanged throughout the 
experiment. 
In general, exchangeable Mg did not change significantly after the cultivation 
of wheat. As seen from Table 4.18, net increase was slightly greater in the 15-30 cm 
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layer than the 0-15 cm counterparts. After the growth of soybean, it was reduced 
except in the PO treatment plot. 
Table 4.18 Net change of exchangeable magnesium (mg kg" )^ 
Wheat Soybean Year 
Treatments 0-15cm~~15-30cm~~0-15cm~~15-30cm~~0-15cm~~~15-30cm 
~C 0 ^ 0 ? -0.40' ^ o 3 ? -0.36' -0.23'~~ 
P O.O3ab O.O4ab -O.llb -O.Olb -0.08b 0.03b 
PI -0.03' O.O7ab -0.05' -O.Olb -O.O7b O.O7b 
PIM O.O2ab 0.i4a -0.03' -0.09' -O.i2b 0.06b 
PO 0.06b o.08ab O.O9d O.24d O.O9d 0.32' 
PIOM O.O2ab -0.02b -0.06be 0.05' -0.06b 0.03^ 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
Negative values indicate a decrease in exchangeable M g . 
After one year of cultivation, there was a reduction of 0.06-0.36 mg kg"^  
exchangeable Mg in the top 15 cm soil and the only significant increase of 0.09 mg 
kg-i was detected in the PO treatment plot. Of course, the greatest decline coincided 
with the Control plot. In the bottom layer, the trend was reversed because all 
treatment plots except the Control recorded an increase of Mg, being most prominent 
in the PO (0.32 mg kg" ) plot. 
4.5 Discussion 
Soil fertility refers to the inherent capacity of a soil to supply nutrients to 
plants in adequate amounts and in suitable proportions. To assess the fertility of the 
purple soils in Zigui County, we have to compare their properties against some 
acceptable standards. A comparison of this kind is fraught with problems such as 
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differences in analytical techniques, units of measurement and climatic conditions. 
Despite this, some general guidelines can still be obtained for more in-depth 
discussion. One acceptable standard is the rating suggested by Landon (1991), which 
covers the major attributes of pH, SOM, TKN, P，and exchangeable K, Mg and Ca 
(Table 4.19). The newly rehabilitated slope soils in Zigui County are alkaline in 
reaction, deficient in SOM, TKN, exchangeable Ca and Mg, but contained medium 
levels of total P and exchangeable K. In a nutshell, the soil is infertile and not 
suitable for cultivation unless vigorous amendments are undertaken. The discussion 
below will focus on (a) the inherent fertility problems of the soil, and (b) the change 
in productive capacity with integrated farm treatments. Suggestions for improvement 
are made, where appropriate. 
4.5.1 The forgotten importance of pH 
The soil reaction remained strongly alkaline (pH 8.25-8.38) after one-year of 
cultivation. In fact, the pH could have been underestimated by as much as 0.5 unit 
with the use of KC1 in the determination (Smith and Atkinson 1975). Strong 
alkalinity is probably sustained by a continuous release of Ca and Mg from 
weathering of the calcareous sandstones and siltstones (Yang & Si 1994). Under 
alkaline conditions, the bioavailability of P, Fe, Zn，and Cu can be suppressed 
resulting in the development of deficiency problems (Brady 1990). In order to lower 
the pH to the optimal range of 6.5-7.0, ammonium sulphate can be applied to the 
soil (Rowell 1988). However, as reported by the local farmers, sulphate contained in 
the fertilizer could react with Ca in this calcareous soil to give a hardsetting effect 

























































































































































































































































































































































































































































































































































































































































































































Perhaps pH will drop with prolonged cultivation of the plots and a continuous 
leaching of the base elements. It is anybody's guess for this to happen while the 
farmers cultivating the slopelands will have to face the immediate problem of pH 
increase and strong alkalinity. Are there any solutions to this problem? After one 
year of cultivation, net pH increase was smallest in the integrated PI and PIM 
treatment plots although it was not statistically different from other treatments (Table 
4.2). This may probably be caused by the acidification effect of ammonium 
bicarbonate and calcium superphosphate applied as combined fertilizers in the 
integrated treatments. The hydrolysis of these fertilizers will release H+ ions and 
lowers the soil pH (Brady 1990). Hence, prolonged use of ammoniacal fertilizers on 
the purple soil may improve reaction pH in the long-run. In this regard, urea can be 
more effective than ammonium bicarbonate and calcium superphosphate. 
Unfortunately, it is more expensive in Zigui County. Similarly, slow release 
fertilizer such as sulphur coated urea (SCU) may have a more lasting effect in 
suppressing alkalinity than quick release fertilizer. They are, however, expensive. 
Besides, pH increase was more apparent after the growth of winter wheat than 
after soybean. It is unlikely a crop-specific effect, instead, more base elements could 
have been leached by the summer rain. Besides, a build-up of SOM with cultivation 
might improve the buffer capacity of the soil against pH change. Additional 
absorption sites of hydrogen ions are provided by the organic colloids. 
Nevertheless, strong alkalinity is a cause for concem in the slopelands of Zigui 
County and its effect on crop productivity, hence the development of commodity 
agriculture, has not been adequately addressed. More research is needed to (a) 
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monitor the longer-term change of pH with cultivation，(b) evaluate the impact of P， 
Fe and Cu deficiency on crop yield, (c) search for inexpensive means to lower the 
soil pH, and (d) identify crops that can tolerate alkaline soils. 
4.5.2 The myth of soil organic matter 
Soil organic matter is a storehouse of nutrients and accounts for 30% or more 
of the cation exchange capacity of surface soil (Brady 1990). As an important 
constituent of water-stable aggregates, it affects the water-holding capacity, aeration 
and erodibility of soils (Brady 1990). In fertilized systems, SOM improves fertilizer 
efficiency too. The newly rehabilitated soils in Zigui County contained less than 1 % 
organic matter, which is exceedingly low when compared with the threshold level of 
3% suggested in most soil science text books, not to mention the level of 7% 
suggested by Landon (1991). While the accumulation of organic matter in soil is a 
slow process, how will integrated farming practices affect the dynamics of organic 
matter in the soils? 
Unlike the findings of many studies that cultivation reduces SOM, an overall 
increase of 16.8-131.4% was found in all the treatment plots. This is a remarkable 
achievement considering the fact that FYM amendment for a period of 90 years only 
raised SOM by 23% (Schjouning et “/.1994). Nonetheless, several patterns can be 
depicted from the study. First, the increase was detected after the harvest of winter 
wheat except in the Control and P treatment plots. This is expected because 
integrated farm practices were able to reduce erosion and the loss of organic 
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substances in the soil. During the growth of wheat，biomass was also added from the 
roots although the most important sources were direct additions of piggery manure 
and mulch. In the absence of protective measures, as in the Control and P plots, 
contributions from these sources were minimal, resulting in a net decrease against 
their repective background values after wheat growth. As a corollary, protective 
measures are needed to prevent SOM decline and to facilitate accretion during 
cultivation. 
Second, the magnitude of increase was higher in the top 15 cm soil than the 
bottom 15-30 cm soil，regardless of crop difference. Again, roots could have 
concentrated more in the uppermost layer than in the bottom soil because mulch and 
piggery manure are able to keep the surface soil moist for a longer time (Davies and 
Payne 1988). Besides, the benefits derived from mulch addition could also decrease 
with depth. Because of this, net increase of SOM was significantly different among 
the treatments in the upper soil, but not in the bottom soil (Table 4.4). The ploughing 
of soil will redistribute SOM with depths although the detrimental effects arising 
from accelerated erosion need to be addressed separately. 
Third, the magnitude of increase after the second crop (soybean) was higher 
than the first crop (wheat) notwithstanding heavier rain to erode the soil and to 
deplete organic substances. This is obviously due to the accumulated effect of root, 
piggery manure and mulch. As a nitrogen fixer, soybean litter may humidify more 
rapidly than the wheat litter. As a corollary, the growth of leguminous crops would 
have an advantage over the non-legumes in the accumulation of SOM. Apart from 
71 
soybeans, a small amount of Vigna spp. are also grown in Zigui County. Unless 
people are prepared to change their diet, the extended planting of leguminous crop is 
not promising in Zigui County, as in other parts of the TGR. Alternatively, research 
should also be initiated to search for legumes that can be used as plant fence. 
Fourth, the build-up of SOM tended to increase with intensity of the 
integrated treatments, regardless of crop difference. After the cultivation of one year, 
net increase of SOM in the top 15 cm soil decreased in the order of PIOM > PO > 
PI, PIM > P, Control. It is thus clear the integrated treatment of PIOM was most 
beneficial to the soil, and SOM was more than double the background value (0.51%) 
after soybean growth (1.18%). Hence, SOM will increase with cultivation under the 
existing management scenario. What we do not know is how long this will continue 
because SOM accumulation is exponential (Jenkinson 1988). Besides, is the SOM 
level of 7% a realistic goal? This are no easy answers to these questions except to 
proceed with long-term monitoring of the change. 
4.5.3 Total Kjeldahl Nitrogen and available nitrogen 
As a constituent of amino acids, nitrogen is one of the most important 
macronutrients needed for plant growth. While the purple soils are deficient in TKN, 
the problem is aggravated by cultivation in the experimental plots. After one year of 
cultivation, TKN decreased by 0.02-0.17 g kg'^  in the 0-15 cm soil, and 0.02-0.2 g 
kg-i in the 15-30 cm soil (Tables 4.7 and 4.8). A significant increase ofTKN (0.04 g 
kg-i) was detected only in the top 15 cm soil of the PIOM treatment plot. It is thus 
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clear that cultivation has a mining effect on nitrogen (Wild 1988) and that SOM 
increase is not accompanied by a simultaneous increase in TKN. Why is this the case 
and what are the implications towards the sustainable development of agriculture in 
Zigui County? 
Under normal circumstances, SOM in the cultivated soil is mineralized to the 
inorganic forms of ammonia and nitrate. This process is enhanced by improved 
aeration and accelerated growth of microorganisms as a result of ploughing (Lal 
1987). Ploughing and intermittent harvests also expose the soils to erosion, resulting 
in the loss of SOM. Unless TKN is replenished in fertilizer or by other means, it will 
decline with cultivation. Nevertheless, a few salient points deserve our attention in 
nitrogen management of the upland soils. 
First, a rapid decline of TKN was detected in the Control, P, PI and PIM 
treatment plots after the growth of wheat (Table 4.7). In the absence of protective 
measures, as in the Control and hedgerow plots, TKN decline can be accounted by 
uptake and erosion loss. This is a cause for concem because many of the slopelands 
in Zigui County are rehabilitated and cultivated without any protective measures. 
Contour farming is not practised while inputs to maintain nitrogen supply are almost 
absent. When the treatment plots were amended, either singly or in combination, 
with inorganic fertilizers and mulch, TKN continued to decline with cultivation. 
The nitrogen contained in the combined fertilizers (ammonium bicarbonate) could 
have been exhausted rapidly and mulch addition failed to arrest nitrogen decline. On 
the other hand, when piggery manure was incorporated in the integrated treatment 
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(P0 and PIOM), nitrogen decline was arrested (Table 4.7). Fresh piggery manure 
contains on the average 0.3% N，which is lower than night soil (1.04%) and poultry 
manure (1.0-1.63%) (Institute of Soil Science, Academia Sinica 1977). The direct 
application of piggery manure not only augments nitrogen supply in the soil, but also 
improves the efficiency of inorganic fertilizers. Upon humification of the manure, 
more adsorption sites are available for the retention of NH4+ ions released from the 
fertilizer. Hence, nitrogen fertility is better preserved in the P 0 and PIOM treatments 
than any other treatments. The implication of this on crop productivity will be 
discussed in Chapter 6. 
Second, nitrogen decline was either arrested (Control, P, PIM and P0 
treatments) or reversed (PIOM treatment) after the cultivation of soybean. With a 
capacity to fix atmospheric nitrogen, the ecological benefits of soybean are beyond 
doubt. Besides, the root biomass, piggery manure and mulch added during the 
previous crop also contributed part of the nitrogen. Although it is impossible to 
differentiate the various sources of supply, the importance of leguminous crops to 
soil fertility should not be underestimated. 
Third, C:N ratio of the soils tended to widen with cultivation except in the 
PIOM treatment, indicating a faster increase of SOM than TKN (Table 4.20). A C:N 
ratio in the range of 10-13 reflects no immediate problems of crop nutrition. 
However, the addition of low-quality litter such as rice stubble will widen the C:N 
ratio more rapidly than the high-quality litter of piggery manure. With the addition of 
wide C:N ratio crop residues, the microorganisms will compete with the crops for 
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mineral nitrogen (Brady 1990). Hence, extreme care is needed to ensure an optimal 
C:N ratio of the soil and where mulch is added, the plot needs to be supplemented 
with fertilizer nitrogen. 
Table 4.20 C:N ratio of soils 
Sampling 0 - 1 5 c m 1 5 - 3 0 c m 
time ~ ~ C P Pl P l M ~ ~ P O P I O M C P Pl ? m ~ " P O ~ ~ P I O M 
Background TE^“8.43a 6.80a 6.00a 6.98a 5.95a 6.69¾ 8.48a 5.35¾ 7.35¾ 7.10a 7.4ia 
After Wheat 8.38» 9.68¾ 9.28b 10.37b 9.20b 8.47b 9.51^ 9.2iab io.06ab n.23b 10.75b 9.25¾ 
After Soybean 10.53b u.49b io.06b ll.76b 11.94c 12.06c 11.45^ 10.62b 13.88^ 12.06^ 11.67b 12.75b 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
TKN is only a crude indicator of nitrogen supply in the soil, and most plants 
absorb the inorganic forms 0fNH4-N and NO3-N that are mineralized from the SOM. 
Although TKN largely declined with cultivation, there was a net increase of available 
N in the PI, PIM, PO and PIOM treatment plots (Tables 4.5 and 4.6). This agrees 
reasonably well with the findings that green manure (Mapaona et al 1994) and 
sugarcane trash (Yadaiv 1995) were capable of elevating mineral N in the soils. 
Available N could have been increased as a result of fertilizer and organic 
amendments, improved root zone environment (Dick et a/.1994; Rovira 1969) and 
proliferation of microorganisms. In this regard, the increment of available N was 
greater in the PO and PIOM treatments than the PI and PIM counterparts. It 
therefore reaffirms the importance of piggery manure in sustaining mineral N 
supply in the soil. 
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A net increment of available N was also reflected in the mineral N percentage 
of the total pool (Table 2.11). It increased from the background level of 6.98-8.91% 
to 8.27-11.29% after one year of cultivation, regardless of crop and layer differences. 
Overall, the percentages are higher than the level of 1-2% suggested for the average 
soils (Brady 1990). Under the existing experimental conditions, therefore, nitrogen 
is readily mineralized and an absolute level of around 50 mg kg"^Table 4.5) meets 
the threshold suggested by Dutton and Bradshaw (1982). Only tissue analysis of the 
crop will confirm the adequacy of nitrogen in plant nutrition. Because TKN level is 
low in the soil, rapid mineralization will exhaust the element sooner than the average 
soils. 
Table 4.21 Mineral N as percent of TKN 
Sampling 0-15cm 15-30cm 
time ~~C P Pl p S i ~ ~ P O PIO C P H HM PO PIOM 
Background 7.56' 8.53' 7.59^ 6.98^ 7.55' 8.89' 7.90' 7.86" 6.33'~~7^9?""7.94' 8.9l ' 
After Wheat 8.27'^ 9.87^ 9.12b io.27b 9.31^ 9.10' 9.14^ 9.10^ 9.59^ 11.29*' 11.18b 9 91bc 
After Soybean 8.31^ 9.93^ 8.60b 10.40b 9.Ol^ 9.10' 9.01^ 9.07^ 8.89' 10.91^ 10.98b 9.69'' 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
In a nutshell, the purple soils contained low levels of TKN, before 
and after the cultivation of crops. There is cause for concem in the rapid 
mineralization of nitrogen, unless measures are taken to replenish supply in the soil. 
A rule of the thumb is that the efficiency of N fertilizer can only be improved in the 
presence of SOM. 
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4.5.4 Total and available phosphorus 
The purple soils in the experimental plots contained medium to adequate 
level of total phosphorus when compared against Landon's rating (1991). After one 
year of cultivation, total P remained unchanged due to organic amendment (Dressel 
et flf/.1993; Mapaona et al. 1994), relative immobility of the element and a possible 
reduction of erosion under the integrated treatments (Tables 4.11 and 4.12). 
An increase of available P was detected in the top 15 cm soil, magnitude 
decreasing in the order of PIOM > PO, PI, PIM > P (Table 4.9). The causes of 
increment are largely similar to that of nitrogen, so is the sequence. In the Control 
plot where protective measures were absent, there was a decrease of available P with 
cultivation, as well as the percentage of the total pool (Table 4.22). The percentage 
of the total pool was highest in the PIOM treatment plot, which increased steadily 
from the background level of 0.78% to 1.31% after wheat and 1.70% after soybean. 
Phosphorus increment not only encourages root initiation during early crop growth, 
but also enhances N uptake by plants (Brechin and Mcdonald 1994). 
Table 4.22 Available P as percent of total P 
Sampling 0-15cm 15-30cm 
time ~~C P P l ~ ~ ? m ~ ~ P O PIOM C P H P m ~ ~ P O PIOM 
Background 0.91' 0.94' 0.84' 0.87" 0.85' 0.78' 0.99' 0.96' 0.79' 0.81' 0.75' 0.80' 
After Wheat 0.83' 0.95' 0.94'^ 1.01^' 1.02' 1.3l' 0.75^ 0.88' 0.90' 0.99' 0.98& 1.23^ 
After Soybean 0.85' 0.92' l Ol' 0.97" 1.09' 1 .70�0 .78^ 1.05' 0.95' 0.98' 1.07^ 1.25^ 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
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Long-term monitoring of phosphorus is needed because its availability in the 
alkaline soils changes with pH, concentration of Ca and buffer capacity (White, 
1980). At pH above 6.5, mineral P forms complex with Ca in the soil and becomes 
unavailable to the plants. Because pH tended to increase with cultivation, the 
bioavailability of P could be impaired in the long run. Incidentally, the slightest 
increment of pH coincided with the PIOM treatment which also recorded the greatest 
increase in available P. As a corollary, measures should be taken to lower the soil pH 
before the application of P fertilizers (Rowell 1988). Apart from the use of 
ammoniacal or sulphur fertilizers, organic amendment with piggery manure is a 
viable alternative too. 
4.5.5 The myth of exchangeable K and orchard growth 
The three exchangeable cations K, Ca and Mg responded differently to 
integrated farm treatments. After one year of cultivation, while Ca and Mg decreased 
with cultivation, K increased in the soils except in the Control and P treatment plots 
(Tables 4.13, 4.15 & 4.17). K warrants our special attention because of its 
importance to orange growth (Institute of Soil Science, Academia Sinica, 1990), a 
major cash crop of Zigui County. The newly rehabilitated soil, however, contained 
barely enough K for plant growth when compared against Landon's rating (1991). 
Against this, the monovalent element is mobile and vulnerable to leaching loss in any 
soils (Wild 1988 c). The change of K with cultivation, therefore, deserves more 
detailed examination. 
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After the growth of wheat, exchangeable K in both soil layers decreased in 
the PO and PIOM treatment plots (Table 4.14). This is unexpected when compared 
with measured increments of SOM, TKN, and available N and P under the same 
circumstances. Why was this the case when increments, though statistically 
insignificant, were recorded in the Control, PI and PIM treatments? Was the leaching 
of K more severe in the PO and PIOM treatment plots than in the Control, PI and 
PIM counterparts? 
There are no easy answers to this question and farmers adopting similar 
treatments are likely to encounter a net decline of K after the first crop. In the present 
study, the combined fertilizers contained no K. Apart from atmospheric deposition, 
available K could have been added from weathering, rice stubble and piggery 
manure. Within the study area, atmospheric deposition and weathering were likely to 
be constant among the experimental plots. What makes the difference could be 
piggery manure, as illustrated by the PIM and PIOM treatments. Immediately after 
wheat growth, the surface soil in the PIM treatment plot recorded an increase of 
16.04 g kg-i，against a decline of 1.28 g kg'^  in the PIOM plot. This is odd because 
the fresh piggery manure contains 0.5% K2O (Institute of Soil Science, Academia 
Sinica 1977), the decomposition of which should augment K supply in the soils. The 
leaching of K from the PIOM plot should be smaller than rest of the plots due to the 
combined treatments of plant fence, inorganic fertilizers, mulch and organic manure. 
We, therefore, believe K decline in the plots amended with piggery manure (PO and 
PIOM) was either caused by vigorous plant uptake or fixation of K by the increased 
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SOM (Tan 1993). Indeed, wheat productivity was highest in the PIOM treatment plot 
(see Chapter 6). 
Equally interesting results were found after soybean growth. A substantial 
decrease of K was detected for the Control, P and PIM plots whereby an increase 
occurred in the PO and PIOM plots. This is a complete reversal of the results 
obtained after the first crop. In the absence of sufficient protective measures, as in the 
Control and P plots, K can easily be leached by the summer rain. The removal of 
clay-size particles by surface runoff is another contributory factor to the decline 
(Chapter 5). On the other hand, K appears to be better protected in soils that contain 
higher levels of organic matter, as illustrated by the PO and PIOM treatments. After 
the cultivation of one year, there were improvements in exchangeable K, being 
commensurate with the intensity of integrated treatments. This is, indeed, a 
promising sign to the growth of navel orange. What have we leamt from this 
experiment? 
First and foremost, the efficiency of K can be enhanced in combination with 
plant fence, mulch and piggery manure amendments. Plant fence and mulch reduce 
raindrop impact and the loss of clay-size particles that contain K. The humification of 
piggery waste not only releases K but also provides additional adsorption sites for the 
element. Hence, a farm design modelled on the integrated PIOM treatment should 
work for the growth of navel oranges in Zigui County. At present, oranges are grown 
on terraced dry beds below 600 m. There is no reason why the Vetivergrass should 
not be used in replacement of the stone retaining walls. Besides, inorganic fertilizers, 
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piggery manure and rice stubbles or other substitutes can be added in pits underneath 
the drip line of the fruit tree. Of course, continuous organic amendment of the soil is 
necessary. 
Second, K is needed by the young and assimilating organs of the orange tree, 
and peak demand falls in late spring to early summer (Hebei Agricultural University 
1976). Hence, K and the above treatment should be applied in the previous winter or 
early spring in order to optimize growth and to minimize possible loss in the wet 
season. 
4.6 Conclusion 
From findings of the experiment, the following conclusions can be 
summarized: 
1. The newly rehabilitated purple soil in Zigui County is alkaline in reaction and 
infertile. It is deficient in SOM ( <1%), TKN (<0.1%), exchangeable Mg (< 0.02 
cmol kg-i) and Ca (<0.3 cmol kg]), but contained marginal levels o fP and K. 
2. In the absence of any protective measures, the Control plot recorded a net loss of 
TKN, mineral N，available P, exchangeable Mg and Ca, but an increase of pH and 
SOM after one year of cultivation. Total P and exchangeable K remained 
unchanged. 
3. The results obtained from the hedgerow (P) treatment were similar to the Control 
plot. After one year of cultivation, a decline of TKN, and exchangeable K and Mg 
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was found in the surface soil. While pH and SOM were elevated in the same 
treatment, available N and P，total P and exchangeable Ca remained unchanged. 
4. The PI treatment caused an increase of pH in both soil layers, and available N, P 
and SOM in the surface soil. While exchangeable K was elevated in the surface 
soil, a general reduction of exchangeable Ca and Mg was found after the 
cultivation of one year. 
5. After one year of cultivation, the PIM treatment increased pH and available P in 
both layers of the soil while SOM and mineral N were only elevated in the top 15 
cm soil. Conversely, TKN and exchangeable Ca were reduced while other soil 
parameters remained unchanged. 
6. The P0 treatment elevated pH, SOM, mineral N，available P and exchangeable 
Mg in both layers of the soil. It sustained TKN in the surface soil, but not the 
bottom soil. Exchangeable K increased but Ca declined in both layers of the soil 
after one year of cultivation. 
7. The integrated PIOM treatment increased pH, SOM, TKN, available N and P, 
and exchangeable K in both layers of the soil. It was the only treatment which 
effectively elevated both TKN and available N after one year of cultivation. 
8. The effects of integrated farming practices on the newly rehabilitated soils were 
detected after the growth of winter wheat. However, the net change of soil 
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properties found after one year of cultivation was due to the combined effects of 
treatments, crops and climate. 
9. Of the six integrated farming practices investigated in this study, the best one is 
the PIOM treatment, being followed by the PO，PIM PI, Control and P plots. 
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Chapter 5 
Effect ofIntegrated Farming Practices on Erosion 
5.1 Introduction 
A major factor responsible for the degradation of the natural resource is 
accelerated soil erosion (Lal & Steward 1990). It is a form of soil degradation, 
including the deterioration of physical, chemical and biological properties rather than 
a mere loss of soil materials (FAO 1978 & 1979; Young 1989). Biological 
degradation of soil reduces the organic matter content, deteriorates the physical 
properties and reduces the amount of nutrients. All these forms of degradation will 
undermine the productive capacity of an ecosystem (Lal & Steward 1990; Young 
1989 )• 
Soil degradation partly stems from socioeconomic pressure and population 
explosion. Continuous deforestation, over grazing and abused landuse systems have 
rendered ecosystems vulnerable to soil erosion and erosion-induced soil degradation. 
Soil degradation can cause a decline in agricultural productivity and 
environmental quality as well as political and social instability. In many less 
developed countries, landuse is intensified in order to increase food production， 
resulting in an increase of soil erosion risks. Soil erosion reduces crop yield and, 
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because of this, cultivation of steep slopes and shallow soils is required to 
compensate yield loss. A new cycle of erosion is thus extended to these marginal 
lands 0-al & Steward 1990). In a nutshell, a vicious cycle of poverty has developed 
in these countries. 
Soil erosion can also be caused by inherent factors of the ecosystem. For 
instance, some soils and the parent materials are more vuhierable to the shearing 
force of running water than others. In addition, stormy rains may strike at the time 
when the soil is devoid of any ground cover, especially after harvest. 
Horton (1945) was the first soil scientist to recognize rill erosion as an 
important component of soil erosion. He pointed out that when rainfall intensity 
exceeds the infiltration capacity of the soil, rain water will accumulate in the 
depressions until it spills over to run downslope as sheetflow. The irregular sheet 
turbulence imposes a shear stress on the soil surface. No erosion will occur until the 
flow thickens and accelerates to a critical point when the erosive energy of the sheet 
exceeds the cohesive force of soil particles. 
Later, soil erosion on sloping land was found to begin when raindrops strike the 
bare surface. Erosion is triggered off by two distinct processes, namely detachment 
and transportation of the particles (Meyer 1985; Jackson 1989). Detachment occurs 
when the soil is exposed to the shearing force of raindrops and when the inherent 
composting force of soil aggregates is less than the impacting energy. Both overland 
flow and raindrop splash contribute to the transportation of the detached soil 
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particles. Although downslope transport by splash increases with slope gradient, 
more detached sediments are transported by runoff in suspension form. Moreover, 
runoff can also detach and transport additional soil particles. 
The quantity and size of sediments transported by runoff is a function of the 
runoff velocity and turbulence (American Society of Civil Engineers 1975). These 
two variables are directly proportional to the steepness of slope and the depth of the 
flow. In addition, Meyer (1985) found that sediment eroded from sloping land comes 
from three major sources. They are interill areas (depressions), rills and gullies. 
However, the eroded sediments generally consist ofboth primary soil particles (sand, 
silt, clay) and soil aggregates. 
The detached finer particles tend to fill up the soil pores causing a sealing effect 
on the surface soil. This sealing effect reduces considerably the rate of infiltration 
which, in tum, increases surface runoff and erosion. The destruction of aggregates 
and the movement of particles by splash are additional causes of water erosion 
(Jackson 1989). 
The magnitude of erosion depends on the proportion of runoff in rainfall which 
is accounted by: (1) the amount, intensity, duration, occurrence, interval and seasonal 
distribution of rain, (2) the topography, (3) the vegetation cover, (4) the type and 
condition of soil, (5) the transport capacity of runoff and transportability of sediment, 
and (6) the type of landuse and management practices (Young & Sanunders 1985; 
Meyer 1985; Jackson 1989). 
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The rate of soil erosion is site-specific. It can be influenced by the biophysical 
environment, landuse and management practices. Where suitable landuse system, 
effective soil conservation and crop management measures are practiced, erosion can 
be controlled, minimized but can never be totally prevented (Lal 1990). Most 
erosion control measures reduce soil losses in at least one ofthe following ways: (1) 
dissipating the energy of raindrop impact and/or nmoff scour forces; (2) reducing the 
rate of runoff; (3) slowing down the runoff velocities; and (4) improving the soil 
characteristics that resist erosion. 
While no erosion control measures are perfect, vegetation cover is most 
effective in overall erosion control because it controls erosion in all of the above 
ways, whereas terraces, a common erosion control earthworks, only slow down 
runoff velocities (Meyer 1985). As a corollary, erosion on sloping lands can also be 
curtailed if appropriate cropping systems are introduced on the hill slopes (Lal 1990). 
For example, terracing for rice paddies, mulch farming, conservative tillage for food 
crops with agroforestry and use of cover crops under plantations are some of the 
technologies proven to be capable of reducing erosion on slope farms. 
Young (1989) identified two approaches in erosion control, namely barrier 
approach and cover approach. The former is to check runoff and soil removed by 
barriers like earth structures, grass strips and hedgerows. The latter aims at reducing 
raindrop impact and runoff through maintaining a soil cover formed of living and 
dead plant materials, including herbaceous plants, crop residues, tree litter and 
prunings. Hudson (1981) maintained it is more important to reduce raindrop impact 
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than to reduce overland flow in erosion control. In his study, the plots planted with 
grass gauze reduced soil erosion by 90% over a period of 3 years. Young (1989) also 
confirmed the cover approach is more effective than the barrier approach. Therefore, 
maintaining a soil cover during the rainy season is most critical to soil erosion 
control. These covers can be artificial materials or even those dry bed crops, such as 
maize (Cunningham 1963; Elwell and Stocking 1976; El-Swaify et “/.1988). When 
the soil is covered by straw or crop residue at a rate of 1-2 tons ha"^  or above, soil 
erosion is substantially reduced (Young 1989). 
Agroforestry represents a typical example of barrier approach in checking soil 
erosion. For instance, prunnings harvested from the hedgerow in alley cropping give 
an effective cover of the ground surface, increase soil infiltration and reduce mnoff 
and soil loss. Through the decay of prunings and root residues, soil fertility can be 
maintained, especially upslope the hedgerows. Furthermore, the stems and roots of 
these hedgerows can stabilize the risers and gradually form terracettes. 
Application of FYM to soil can increase the quality and quantity of the humus, 
enhance aggregate formation, increase pore size and total pore volume and hence the 
water-holding capacity and infiltration capacity of soil. The bulk density of the top 
20 cm soil decreased after receiving FYM treatment for 90 years (Scjouning et 
a/.1994). Furthermore, soil amended with animal manure recorded the greatest soil 
strength in annulus shear, drop-cone penetration and confined uniaxial compression 
tests. Improved soil strength enhances the resistance of the soil to raindrop impact 
and running water erosion. 
88 
Most of the soil conservation and management policies in developing countries 
failed to link up soil conservation with agricultural productivity, due to a lack of 
understanding between production systems and the social complexity inherent in 
resource use (Jsfation Research Council 1991). This issue is most critical in the less 
developed countries because of population pressure. 
In order to meet the present demand and expectations, researches are needed for 
the following three fronts. First, it is necessary to intensify the use of gully land 
while minimizing environmental degradation. Second, ways of increasing 
productivity and reducing land degradation on marginal and ecologically fragile 
lands must be introduced. Third, restoration of degraded lands to their original 
productivity level should be emphasized. This explains why the assessment of 
erosion on soil properties and crop productivity is as important as the assessment of 
soil loss in depth. Without an understanding of the interactions between erosion, soil 
properties and crop yield, any attempts to minimize erosion and to boost productivity 
would become futile. For instance, many soil conservation projects modelled on the 
land capability classification of the USA failed to work in the less developed 
countries (LDCs) as a result of the negligence of the particular cultural, social, 
economic and political situations. Young and Sanunders (1985) found that soil 
erosion is site-specific, varying with rainfall intensity, vegetation cover, soil 
erodibility, slope angle and slope length. There are no universal solutions and results 
obtained from a particular country is not necessarily transferable to another one. 
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Zigui County is unique in geology, terrain, climate, soil type，soil erodibility as 
well as socioeconomic and political environments. However, the information on soil 
erosion and the effect of integrated farm practices are lacking, albeit essential to 
sustainable development of the slopelands and to implementation of the 
“Resettlement with Development” scheme. For this reason, the present experiment 
examines the effect of Vetivergrass hedgerow, inorganic fertilizers, piggery manure, 
and mulch, singly and in different combinations, on the runoff characteristics and 
sediment load of cultivated slopelands in Zigui County for a period of one year. The 
findings from this experiment will answer the following questions: 
1. What are the effects of integrated farm practices on runoff under low and high 
intensity rainfalls? 
2. What are the effects of integrated farm practices on sediment load under low and 
high intensity rainfalls? 
3. How will soil moisture in the experimental plots change during low intensity 
rainfall? 
5.2 Methodology 
5.2.1 Rainfall simulation 
Rainfall was simulated by a rainfall simulator consisting of 8 independent water 
pressure regulators, standing pipes and SPRACO conical shower nozzles. Water 
pressure was maintained at 0.08 Mpa throughout the experiment and the rainfall 
intensity was controlled by the number of sprinkler heads. In the present experiment, 
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4 sprinkler heads were used in simulating low intensity rainfall (0.72 mm min'^) and 
8 in high intensity rainfall (1.56 mm min-l). The two intensities were representative 
of the rainfall in Zigui County (Cai 1995, personal comm.). Five rain gauges were 
installed to measure the homogeneity and intensity of rainfall in all simulations. The 
rainfall intensity reported in Table 5.2 represented the average reading of these five 
rain gauges. Rainfall simulation was carried out separately for each experimental 
plot. The location of the sprinkler heads and rain gauges is shown in Figure 5.1. 
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Fig. 5.1 The layout of sprinkler heads and rain gauges 
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In order not to alter the measurement of runoff and sediment under natural 
precipitation, low and high intensity rainfalls were simulated separately in early April 
and early November 1996，before and after the rainy season of Zigui County. Each 
simulation lasted for one hour. The starting time, time of initial and final runoff were 
recorded. 
5.2.2 Measurement of runoff and sediment 
Discharge from the experimental plots during rainfall simulation was collected 
in containers at an interval of 3 minutes. The volume of discharge was recorded. A 
runoff subsample was likewisely collected at 3-minute intervals for the measurement 
of sediment load. After filtering the subsample, the volume of filtrate was recorded 
and the filter paper oven dried to constant weight at 105°C for the gravimetric 
determination of sediment. 
5.2.3 Measurement of soil moisture 
Continuous changes in soil moisture during rainfall simulation was monitored 
by use of the TRASE 6050X1^^ time domain reflectometer (TDR). The 
instantaneous volumetric moisture content of the 0-30 cm soil in every experimental 
plot was measured and stored in the internal memory of the TDR. Due to the 
limitation of resource, multiplexing accessories were not available and therefore the 
number ofreplicates was limited. Only one sampling point was monitored in each of 
the experimental plot. Readings were taken at 1-minute intervals. 
14 TRASE 6050X1 is an equipment manufactured by Soil Moisture Equipment Corporation using the 
technology oftime domain reflectometry to measure instantaneously the volumetric water content of 
soil ranging 0-100%. 
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5.2.4 Statistical analysis 
Statistical analysis was performed by use of the SPSS 6.0 statistical package. 
The differences of mean runoff and mean sediment load among the six treatment 
plots were separately tested by Duncan's Multiple Range Test. The significance level 
of all tests was set at 0.05, unless otherwise indicated. 
5.3 Results 
5.3.1 Effect of low intensity rainfall on time delay, duration, total runoff and 
mean discharge 
Table 5.1 shows the time lag between the start of rainfall simulation and the 
occurrence of runoff. It ranged from 13'40" to 20'00" in the descending order of PO 
> PIOM > Control > PI > P > PIM. Duration of discharge decreased in the order of 
P, PI > Control > PO > PIM >PIOM. The discharge rate of the Control and P 
treatment plots rose exponentially 30 minutes after commencement of the simulation 
while that of the PI plot occurred at 40 minutes. For rest of the treatments, discharge 
rate was fairly uniform after the small rise at 20 minutes. 
Table 5.1 The starting and ending time of discharge in 
a one-hour low intensity rainfall simulation") 
Starting time of Ending time of Duration of 
Plot discharge � d i s c h a r g e ( ^ ) discharge 
(min, sec) (min, sec) (min，sec) 
Control 18'30" 92'30" 74,00� 
P 14'29" 92'29" 78'00" 
PI 18'22" 96,22� 78'00" 
PIM 13'40" 64'40" 51'00" 
PO 20'00" 73'20" 53'20" 
PIOM 18'50" 63'50" 45,00� 
(1) The duration of all simulations was 60 minutes. 
(2) Time refers to minutes and seconds after the start of rainfall simulation. 
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Fig. 5.2 Discharge rates in a one-hour low intensity rainfall simulation 
The plot treated with Vetivergrass alone (P) yielded the highest total runoff, and 
the mean discharge rate was comparable to that of the Control plot (Table 5.2). Total 
runoff was significantly reduced in all other treatments, equivalent to 47.7% (PI), 
16.45% (PIM), 22.10% (PO) and 12.56% (PIOM) of the Control. However, mean 
discharge for these four treatment plots were not statistically different ( p > 0.05 ) 
although the measured rainfall intensity varied considerably. 
Table 5.2 Total plot runoff and mean discharge in a low intensity rainfall simulation 
Rainfall Total Volume of total runoff Mean 
Plot intensity runoff as % of Control plot discharge 
(mm min_i) (1) (1 min'^) 
Control ^ 132.77 - 2.23' 
p 0.72 151.75 114.30 1.87' 
PI 0.82 65.33 47.70 0.81^ 
PIM 0.67 21.84 16.45 0.40^ 
PO 0.67 29.34 22.10 0.51^ 
PIOM 0.84 16.68 1 ^ 0.40& 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
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5.3.2 Effect of high intensity rainfall on time delay, duration, total runoff 
and mean discharge 
The time lag between the commencement of rainfall simulation and the 
occurrence of runoff in high intensity rainfall was much shorter than in low intensity 
rainfall (Table 5.3 & Fig. 5.3). For instance, runoff occurred 3 minutes after the start 
of rainfall simulation in the plant fence (P) treatment plot whereas in the Control and 
PI plots, the time lag was 4 and 5 minutes, respectively. It was prolonged to 8 
minutes in the PO treatment and 8 minutes 30 seconds in the PIOM treatment. The 
longest time lag of 19 minutes 30 seconds coincided with the PIM treatment. 
Table 5.3 The starting and ending time of discharge in a one-
hour high intensity rainfall simulation(” 
Starting time of Ending time of Duration of 
Plot discharge � discharge(�） discharge 
(min, sec) (min, sec) (min, sec) 
Control 4'00" 90,00� 86'00" 
P 3'00" 86'00" 83'00" 
PI 5'00" 82'00" 77'00" 
PIM 19'30" 90'00" 7030� 
PO 8'00" 68'00" 60'00" 
PIOM 830;; 68'30" 60'00" 
(1) The duration of all simulations was 60 minutes. 
(2) Time refers to minutes and seconds after the start of rainfall simulation. 
Under high intensity rainfall, discharge lasted for 60 minutes only in the PO and 
PIOM plots, being shortest among the six treatments. It was prolonged to a 
maximum of 86 minutes in the Control plot while the remaining treatments yielded 
intermediate duration time of 77 to 83 minutes ( Table 5.3 )• The Control and P plots 
also yielded higher discharge rates than the remaining plots (Fig. 5.3). 
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Fig. 5.3 Discharge rates in a one-hour high intensity rainfall simulation 
Total runoff was reduced and the equivalent percentages of runoff volume 
against the Control plot were 38.90% (P)，15.81% (PI), 14.80% (PIM), 9.38% (PO) 
and 7.62% (PIOM). Likewise, mean discharge of the different integrated treatments 
amounted to 1.10-7.89 1 min^ against the average of 12.4 1 min'^  for the Control 
plot (Table 5.4). 
Table 5.4 Total plot runoff and mean discharge in high intensity rainfall simulation 
Rainfall~~" Total Volume of total Mean 
Plot intensity runoff runoff as % of the discharge 
(mm min_i) O J Control plot (1 min'^) 
Control TM 8 ^ ^ 1 ^ ~ " 
P 1.41 530.26 38.90 7.89^ 
PI 1.48 137.27 15.81 1.97' 
PIM 1.52 128.87 14.80 2.03' 
PO 1.30 81.45 9.38 1.29� 
PIOM 2.02 66.17 7.62 1.10' 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
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Fig. 5.4 Total discharge in a one-hour rainfall simulation 
5.3.3. Effect of low intensity rainfall on sediment load, total soil loss and 
mean sediment loss rate 
Under low intensity rainfall, the sediment load curve followed closely that of 
discharge although the magnitude of fluctuations tended to be greater (Fig. 5.5). The 
rate ofsoil erosion increased with time but dropped abruptly when simulation ended. 
When compared with the Control plot, Vetivergrass hedgerow (P) did not 
reduce mean sediment loss rate in runoff under the low intensity of rainfall (Table 
5.5). Instead, it yielded the highest sediment loss rate (7.88 g min'^) and total soil 
loss (449.43 g)，a finding similar to runoff (Table 5.2 )• However, the mean sediment 
loss rates were significantly reduced against the Control in the PI, PIM, P0 and 
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PIOM treatments. Overall, total soil loss decreased in the order of P > Control > 
PIM>PO>PI>PIOM. 
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Fig. 5 .5 Sediment loss rate in a one-hour low intensity rainfall simulation 
Table 5.5 Total soil loss and mean sediment loss rate 
in a one-hour low intensity rainfall simulation 
Rainfall Total Total soil loss Mean sediment 
Plot intensity soil loss as % of the loss rate 
(mmmin_i) (g) Control plot (g min'^) 
Control ^ m ^ ^ ^ 
P 0.72 449.43 126.84 7.88' 
PI 0.82 23.36 6.59 0.46^ 
PIM 0.67 36.76 10.37 0.72^ 
PO 0.67 35.83 10.11 0.75^ 
PIOM 0.84 19.75 5.57 0.47^ 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan's 
Multiple Range test. 
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5.3.4 Effect of high intensity rainfall on sediment load, total soil loss and 
mean sediment loss rate 
Sediment loss fluctuated as greatly as discharge under high intensity rainfall 
(Figures '5.5 & 5.6). The highest sediment loss rate (202.45g min" )^ was recorded in 
the 43rd minute in the Control plot. When plant fence (P) was introduced, sediment 
loss rate was more than halved but still higher than rest of the integrated treatments. 
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Fig.5.6 Sediment loss rate in a one-hour high intensity rainfall 
Profound variations occurred in the total soil loss among treatments. In the 
Control treatment, 5,667.6 g soil were washed away from the experimental plot. It 
was reduced to 2,114.56 g when Vetivergrass hedgerow (P) was introduced. Total 
soil loss was further reduced in the other treatments, especially where mulch was 
included. For instance, only 8.3 and 11.16 g of soil were eroded from the PIOM and 
PIM treatment plots, equivalent to 0.15 and 0.2% that of the Control (Fig. 5.7). 
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Fig. 5.7 Total soil loss in a one-hour high intensity rainfall simulation 
However, the pattem of mean sediment loss rate was comparable to runoff, 
decreasing in the order of Control > P > PO, PIM, PIOM. Vetivergrass hedgerow 
significantly reduced the mean soil loss to 33.56g rnin"^ representing 40.9% ofthe 
Control plot. Additional treatments with inorganic fertilizers, piggery manure and 
mulch further lowered the mean sediment loss rate to less than 1% of the Control 
although they were not statistically different (Table 5.6). 
Table 5.6 Total soil loss and mean sediment loss rate 
in a one-hour high intensity rainfall simulation 
Rainfall Total Total soil loss~~ Mean sediment 
Plot intensity soil loss as % of the loss rate 
(mm min'i) ^ Control plot (g min^) 
Control L ^ 5667.60 … 82.10' 
p 1.41 2114.56 37.31 33.56^ 
PI 1.48 42.06 0.74 0.64� 
PIM 1.52 11.16 0.20 0.20� 
P 0 1.30 44.19 0.78 0.75� 
PIOM 2.02 8.30 0.15 0.14� 
Column means sharing the same letter are not significantly different at the 5 % level by Duncan 
Multiple Range test. 
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5.3.5 Effect of integrated farm practices on soil moisture under low intensity 
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Fig. 5.8 Soil volumetric moisture under a one-hour low intensity rainfall 
Soil moisture in the 0-30 cm layer fluctuated greatly during rainfall simulation 
except in the PIOM treatment plot. Generally, the volumetric moisture content in the 
plots rose gradually until it reached the saturation point (Fig. 5.8). In the initial stage, 
the moisture content of the PO plot increased more rapidly, being followed by the 
Control and PI treatment plots. The moisture content for rest of the plots was lower 
but similar. This trend lasted for 17 minutes, after which the moisture content of the 
Control plot exceeded that of the PO plot. 
The soil moisture content of the Control plot peaked at 20th minute while the 
other treatment plots continued to rise. The ascending order of saturation time was: 
Control < PO < PI < PIM < P < PIOM. Indeed, three saturation levels could be 
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identified. It was highest in the Control plot but remained unsaturated in the PIOM 
plot after the simulation experiment. The soils in the P，PI，PIM and PO treatment 
plots contained intermediate level of moisture. Since only one sample was taken 
from each plot, statistical analysis was not performed. 
5.4 Discussion 
5.4.1 Effect of integrated farm practices on runoff 
When compared with the Control plot, the plant fence of Vetivergrass (P) 
significantly reduced mean discharge during the high intensity rainfall, but not 
during the low intensity rainfall (Tables 5.2 & 5.4). It survived the wet summer 
season and reduced total runoff too. Why was there a disparity in the effect of plant 
fence on runoff and mean discharge? 
In the low intensity rainfall simulation (LIRS), although mean discharge from 
the P treatment plot was lower than the control, the absolute value of runoff was 
highest among the six treatments (Table 5.2). Discharge was detected 14 minutes 29 
seconds after the start of the experiment, being sooner than most other treatments 
(Table 5.1). A duration of 78 minutes was only matched by the Control and PI 
treatment plots. As the Vetivergrass was transplanted in late March, 1996 and there 
was not enough time for it to establish, both total runoff and mean discharge rate 
were comparable to the control under the existing experimental conditions. 
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Soil tillage and disturbances during the transplanting of Vetivergrass could have 
increased the soil infiltration capacity, thus reducing surface runoff. The proportion 
of simulated rainfall converted to runoff in the experimental plots was summarized in 
Table 5.7. About 19.38% and 20.35% of the rainwater were separately converted to 
runoff in the P and Control plots. As a corollary, more water would infiltrate the soil 
in the P plot (631.29 1) than the Control plot (519.77 1). This finding is contradictory 
to our intuition that increased infiltration is supposed to reduce runoff. 
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Table 5.7 Water input, storage and output in low intensity rainfall 
Rainfall Volume of Total Runoff Infiltrated 
Plot intensity Rainwater runoff percentage water 
(mmy^ min) (1) ^ ^ O J 
Control ^ 652.54 132.77 20.35 519.77 
P 0.72 783.04 151.75 19.38 631.29 
PI 0.82 891.80 65.325 7.33 826.48 
PIM 0.67 728.67 21.84 3.00 706.83 
P0 0.67 728.67 29.34 4.03 699.33 
PIOM 0.84 913.55 16.675 1.83 896.88 
Runoff and sediment load are frequently used as indicators to evaluate the 
efficiency of a particular management practice for water and soil conservation. As 
15 The volume of rainwater in each plot is calculated by following equation: 
V = RI X T X Acos9 
where, V =Volumeoframwater(litre) 
RI = Rainfall Intensity (mm min" )^ 
T = Length of simulation (60 min) 
A = Area of experiment plot (20 m^) 
e = Slope angle (25°) 
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soil conditions and microclimate vary greatly in the field, it is possible for a landuse 
system to produce more runoff while simultaneously retain a higher percentage of the 
rainwater as soil moisture. For instance, total runoff and infiltrated water in the P 
treatment plot were 14.30% and 21.46% greater than that of the control. Against this, 
the P plot received 20% more rainwater than the control. This clearly indicates the 
increment of infiltrated water in the P treatment plot was larger than the total runoff. 
Besides, rainfall intensity and total runoff could vary with instrumentation, time of 
simulation and plot configurations. Thus, it is advisable to use the percentage of 
rainfall converted to runoff as a supplement variable in interpreting the soil erosion 
data. In this regard, the percentages were higher in the Control plot than the P plots 
on both simultations (Tables 5.7 & 5.8). Parallel to this, the amount of precipitation 
that will infiltrate the soil is essential to crop growth although allowance has to be 
made for evaporation loss. Indeed, only 3% of the natural precipitation in the TGR 
can be used directly by crops because of rapid runoff from the steep terrain (Zigui 
Government 1995 a & b). Nonetheless, established plant fence of Vetivergrass is 
capable of reducing runoff and mean discharge, and improving infiltration capacity 
of the soil against the control. This is expected because it reduces the slope length, 
and hence the erosive energy of the surface water (Young 1989). In the present 
experiment, two rows of Vetivergrass were planted across the experimental plot. Can 
runoff and mean discharge rate be further reduced if the thickness of the plant fence 
belt is increased? More research is needed to find out the best planting matrix of 
plant fence. Nonetheless, rehabilitating the slopelands without the provision of 
protective measures will result in high runoff and mean discharge rate. 
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16 Table 5.8 Water input, storage and output in high intensity rainfall 
Rainfall Volume of Total Runoff~~~"Infiltrated~~ 
Plot intensity Rainwater runoff percentage water 
(mm/mim) (1) ^ ^ 0 0 
Control L48 1,609.59 8 6 ^ 53M 741.38 
P 1.41 1,533.46 530.26 34.58 1,003.20 
PI 1.48 1,609.59 137.27 8.53 1,472.32 
PIM 1.52 1,653.09 128.87 7.80 1,524.22 
PO 1.30 1,413.83 81.45 5.76 1,332.38 
PIOM 2.02 2,196.87 66.17 3.01 2,130.70 
The benefits were further enhanced in the PI, PIM, PO and PIOM treatments. 
These include shortened duration of discharge, reduced total mnoff and mean 
discharge, and improved infiltration capacity of the soils. Despite this, the differences 
among these four plots were not significant although the magnitude of improvement 
tended to decrease in the order of PIOM > PO > PIM > PI. This is expected because 
with the inclusion of inorganic fertilizers, crop growth is stimulated providing a 
larger root biomass to bind the soil and a denser foliage to intercept rainwater. The 
addition of mulch not only reduces raindrop impact, but also provides a favourable 
environment for plant and microbial growth. When it is ploughed into the soil after 
* 
the harvest of wheat, part of it is humidified to SOM which assists in the formation 
of water-stable aggregates. Piggery manure is a storehouse of nutrients, which 
stimulates crop growth, enhances infiltration and water-holding capacity, and 
improves organic matter of the soil, When these benefits are aggregated, as in the 
PIOM treatment, the rehabilitated soil will be best protected against surface erosion. 
16 See footnote 1 5 . 
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For instance, under high intensity rainfall condition, the percentage of rainwater 
converted to runoff decreased in the order of Control (53.94%) > P (34.58%) > PI 
(8.53%) > PIM (7.80%) > PO (5.76%) > PIOM (3.01%) (Table 5.8). 
This finding bears an important implication on erosion control and agricultural 
planning. The most urgent task of sustainable landuse research is to match specific 
cropping method with the environment, particularly in those marginal and 
ecologically fragile lands (National Research Council 1991). Theoretically, if the soil 
is only detached but not transported, little translocation will occur. Hence, reducing 
runoff is a viable means to reduce erosion. Among the integrated farm practices 
investigated, plant fence (P) is inferior to other treatments in the reduction of runoff. 
While the slopelands in Zigui County are short of water supply, the treatment which 
optimizes infiltration of rainwater and hence its storage as soil moisture will be most 
welcome by the farmers. In this regard, the PIOM treatment is superior to other 
treatments. It not only reduces runoff, but also allows maximum infiltration of the 
rainwater (Tables 5.7 & 5.8). 
5.4.2 Effect of integrated farm practices on soil loss 
Mean soil loss followed closely the pattem of runoff. The plant fence (P) 
treatment effectively reduced soil loss against the control in the high intensity rainfall 
simulation (HIRS), but not in the low intensity rainfall simulation (LIRS) (Tables 5.5 
& 5.6). Again, the disparity was caused by new growth of the Vetivergrass before the 
LIRS. Other integrated farm practices further reduced soil loss against the control in 
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both the low and high intensity rainfall simulations. Soil loss among the treatments, 
however, varied considerably between the LIRS and HIRS. 
First, the difference in soil loss between the Control plot and other treatment 
plots appeared to be more drastic in the HIRS than the LIRS, so was the mean 
sediment loss rate. For instance, soil loss from the PIOM plot was equivalent to 
5.57% of the control in the LIRS, against 0.15% in the HIRS. In the absence of 
protective measures, soil loss rose exponentially against the PIOM treatment plot 
under the HIRS. This reaffirms the importance of protective measures in reducing 
soil erosion. 
Second, the amount of soil washed away from the PIOM plot was lower during 
the HIRS (8.3 g) than during the LIRS (19.75 g). Likewise, soil loss from the PO 
treatment plot was fairly close between the LIRS (35.83 g) and HIRS (44.19 g). This 
is a remarkable achievement considering the fact that rainwater received by the 
PIOM plot during the HIRS experiment (2,196.87 1) was more than double the LIRS 
experiment (913.55 1). 
Soil loss triggers off a series of changes in the physical, chemical and 
biological properties of the soil. Other factors being equal, clay-size particles are 
more easily transported than the coarser ones. Loss of colloidal organic matters 
results in the deterioration of soil physical properties and a decline of aggregate 
stability. The loss of silt and clay results in the depletion of nutrients, which are 
mostly soil-bound instead of being dissolved in the runoff water (Cai et al. 1995). 
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Very low levels of macronutrients ( K, Ca, Mg ) were detected in the runoff while the 
concentrations of mineral nitrogen O^H4-N and NO3-N) were below the detection 
limits (results not presented). Despite this, the level of dissolved nutrients in the 
runoff could have been underestimated because pH of the water used in the 
simulation experiment had a pH greater than 8. Nutrient loss in runoff during natural 
precipitation, therefore, warrants further study. 
The soil loss data obtained in this study were converted to the mode of erosion 
for easy reference against the real-world situations (Table 5.9). More soils were lost 
form the Control and the Vetivergrass (P) plots during high intensity rainfall than 
during low intensity rainfall. Integrated treatments with the inclusion of mulch (e.g. 
PIM & PIOM) appeared to be more effective in reducing soil loss than those 
incorporating inorganic fertilizer and piggery manure (e.g. PI & PO), although they 
were statistically similar (Table 5.9). 
Table 5.9 Mode of erosion in 1-hour rainfall simulations^^ 
Rainfall intensity Total Mean sediment Mode of 
Plot soil loss load erosion 
(mm min_i) ^ (g min" )^ (tons km"^ ) 
Simulation Time Apr. Nov. Apr. Nov. Apr. Nov. Apr. Nov. 
Control 0 ] ^ L4l 3M 5 , 6 6 8 ~ ~ 7 3 ? 82.10' v f j 283.4 
P 0.72 1.41 449 2,115 7.88' 33.56^ 22.5 105.7 
PI 0.82 1.48 23.4 42 0.46^ 0.64' 1.7 2.10 
PIM 0.67 1.52 36.8 11 0.72^ 0.20� 1.8. 0.56 
PO 0.67 1.30 35.8 44.2 0.75^ 0.75� 1.79 2.21 
PIOM 0.84 2.02 19.8 8.3 0.47^ 0.14' 0.99 0.42 
Column means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
17 See footnote 15. 
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During the HIRS, the Control plot lost 283.4 tons of soil per km^ if the rainfall 
intensity was homogeneous over the area^ ® (Table 5.9). The introduction of 
) 
Vetivergrass (P) reduced the mode of erosion to 105.7 ton km"，representing 37.31% 
of the Control plot. The mode of erosion for the remaining treatment plots was 
2 
reduced to 0.42-2.21 ton km" . The mode of erosion recorded from the Control and P 
2 
plots during the LIRS experiment was 17.7 and 22.5 tons km" , respectively. 
However, the PIM and PIOM treatment plots recorded higher mode of erosion than 
during the HIRS experiment. 
An acceptable limit of erosion must be set for a particular landuse system. The 
standard must be set low enough so that there will not be a decline in crop production 
but high enough to be realistically achievable. According to Young (1989), the 
2 1 
acceptable erosion rate in tillage agricultural system is 1,120 ton km' yr" . Is this 
guideline transferable to Zigui County? The annual soil loss from each of the 
experimental plots as a result of natural precipitation are summarized in Table 5.10. 
Owing to overflow of the receiving tanks in the Control and P treatment plots, 
contribution from the heavy storm on 30 July, 1996 was excluded in the calculation 
of soil loss for all the treatment plots. Bearing this in mind, the mode of erosion 
2 1 
ranged 38.3-669.5 ton km' yr' (Table 5.10). Is this mode of erosion acceptable to 
the Zigui farmers if Young's recommendation is to be followed? 
18 Given the area of the region is 1 km ,^ the slope angle is 25° and the type and depth of the soil is 
homogeneous, then the mode of erosion is calculated by the following equation: 
Mode ofErosion = ( Total soil loss in Plot (g) + Area ofExperimental Plot (m^)) 
X 1,000,000 m2 + (1000 x 1000 ) 
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Table 5.10 Annual soil erosion in natural precipitation, 1996. 
Total Total soil Mode of Soil loss on 
Plot runoff loss in plots erosion July 30 * 
0 ^ (kg) (tons km-2 yr'^ ) (g) 
Control ~~6,592.05 U l 9 6 ^ ^ 
P 7,138.21 11.92 596.0 — 
PI 4,220.66 2.031 101.6 164.7 
PIM 4,314.61 2.125 106.3 43.6 
PO 3,837.72 0.908 45.4 164.0 
PIOM 3,024.55 0.765 38.3 40.7 
* As explained in the text, soil loss caused by this storm was not included in the estimation. Hence, 
the mode of erosion for all the treatment plots was underestimated. 
There is no easy answer to this question partly because of our underestimation 
of the annual soil loss from the experimental plots. In the event the acceptable limit 
of erosion is exceeded, it is more likely to occur in the Control and P plots than any 
other plots. In the absence of protective measures, the mode of erosion is likely to 
increase rapidly with years. Long-term monitoring of soil loss will give more reliable 
estimates and even out abnormalties of infrequent events. Moreover, the newly 
rehabilitated soils have not yet settled in properly. Despite this, the erosion data 
obtained under natural precipitation agrees reasonably well with those obtained in 
rainfall simulation. The PIOM and PO treatments were superior to others in the 
control of soil erosion. 
5.4.3 Effect of integrated farm practices on soil moisture 
The difference in runoff volume among the experimental plots can be accounted 
by different infiltration capacity and moisture retention capacity of the soils. As 
aforesaid in Chapter 4, the soil in the PIOM treatment plot contained the highest 
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level of organic matter. During the LIRS experiment, volumetric moisture of this soil 
did not fluctuate as greatly as the other soils. Instead, it rose steadily after 
commencement of the simulation experiment and was not yet saturated when the 
experiment ended in one hour's time. Against this the soils in the Control, P，PI, PIM 
and P0 treatment plots have reached the saturation point about 16-45 minutes after 
start of the experiment (Table 5.8). The moisture at field capacity for the PIOM soil 
must be higher than the other soils. This finding agrees reasonably well with 
maximum infiltration in the same plot ( Tables 5.7 & 5.8). Other factors being equal, 
the integrated PIOM treatment can maximize infiltration of rainwater and store it as 
soil moisture for crop growth. In Zigui County, water is a limiting factor of crop 
production and on the average only 3% of the natural precipitation can be used by 
plants (Zigui Government 1995 a). To kill two birds with one stone, the PIOM 
treatment not only reduces runoff, but also increases moisture supply in the soil. 
There is no reason why it should not be promoted in the upland region of Zigui 
County. Of course, more research is need to find out the optimal loading rates of 
piggery manure and mulch in this integrated farm treatment. 
5.5 Conclusion 
From findings of the present experiment, the following conclusions can be 
summarized: 
1. The integrated PI, PIM, P0 and PIOM treatments were superior to the Control 
and P treatments in the reduction of runoff, as reflected by the shorter duration of 
discharge, reduced runoff volume, reduced mean discharge rate and improved 
infiltration capacity. These benefits were more obvious under high intensity 
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rainfall simulation (1.56 mm min"^) than under low intensity rainfall simulation 
(0.72 mm min"^). Overall, the ability to reduce runoff was largely in the 
descending order of PIOM > PO > PIM > PI > P > Control. 
2. Soil loss followed closely the pattem of runoff. Total soil loss and mean sediment 
loss rate largely decreased in the order of Control > P > PI > PIM > PO > PIOM. 
The mode of erosion resulted from natural precipitation yielded the same results. 
Again, the benefits were more obvious under high intensity rainfall simulation 
than under low intensity rainfall simulation. The plant fence needs time to 
establish before it can reduce runoff and soil loss. 
3. During the low intensity rainfall simulation experiment, the soils of the Control, P, 
PI, PIM, PO and PIOM treatment plots were saturated sooner than that of the 
PIOM plot. The soil of the PIOM plot contained more moisture, which was 
consistent with maximum infiltration capacity. 
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Chapter 6 
Crop productivity: A Production Efficiency Analysis 
between Integrated Farming Practices and Existing Farming 
Systems in Zigui County 
6.1 Introduction 
Sustainable agriculture embodies three inseparable components, namely (a) 
economical, (b) socially supportive, and (c) ecologically sound principles (KS 1995). 
As aforesaid in the previous chapters, the PO, PIM and PIOM treatments reduced 
runoff and sediment yield, and improved the physical and chemical properties of the 
newly rehabilitated soils. Although it is premature to conclude that they are 
sustainable in the long run, they are at least ecologically more viable than the other 
treatments. As sustainable agriculture is measured by economic viability, how will 
these treatments affect the productivity of crops and the revenue retum of the farmers? 
In the resettlement exercise, slopelands uphill the inundation line will be 
developed. Much have been said about the importance of protective measures in 
arresting soil erosion and land degradation. Will any of the investigated measures be 
socially acceptable to the farmers? Two criteria must be met for farmers to accept and 
to implement the new practices. First, the new measures will improve yields because 
they are less aware of the ecological benefits derived from the land protective 
measures. Second, the new practices must have a competitive edge over the existing 
ones in terms of economic retum. To compare the production efficiency of integrated 
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farming system against existing ones adopted by the farmers, we need to identify some 
economic indicators common to them. 
The objectives of the present study are three-fold: (a) to evaluate crop 
productivity between different integrated farming practices, (b) to investigate the 
existing crop production systems in Zigui County, (c) to identify and quantify selected 
economic indicators pertaining to different production systems, and (d) to compare the 
production efficiency of integrated farming system against that of the existing 
production systems. Results obtained from this study will provide answers to the 
following specific questions: 
1. How would wheat production vary with integrated farm treatments? 
2. How would soybean production vary with integrated farm treatments? Were there 
any differences between the grain and non-grain portions? 
3. How is the annual productivity of staple grain compared with the average for the 
TGR? 
4. In terms of production efficiency, which of the integrated farm treatments would 
yield the highest output: input ratio? 
5. What are the dominant types of farms in Zigui County? 
6. Which type of farming system presently found in Zigui County requires the 
highest energy input? 
7. Which type of farming system in Zigui County is most productive? 
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8. In terms of production efficiency, which type of farming in Zigui County would 
yield the highest output : input ratio and how would it compare with that of the 
integrated farm treatment? 
6.2 Methodologies 
6.2.1 Wheat and soybean productivity 
Two types of data were collected for this study, namely crop productivity data 
in the experimental plots and a socioeconomic survey of the existing agricultural 
production systems in Zigui County. They were then transformed into monetary terms 
for the production efficiency analysis. 
Two crops were grown from December 1995 to November 1996 on the 
experimental plots (see Chapter 2). The first crop of wheat was sown in November 
1995 and harvested in April, 1996. The above-ground parts were sorted into the grain 
and non-grain (leaf and stalk) portions. Each was air-dried and weighed to the nearest 
0.1 gram precision. 
The second crop of soybean was sown in May and harvested in November 
1996. During the harvest, 25 individual plants were randomly selected from each plot, 
sorted into the grain and non-grain (leaf and stalk) portions and air-dried to constant 
weight. Because rabbit intrusion had eaten some of the soybeans, production per plot 
was estimated by counting the original number of plants in the plot and extrapolated in 
the following way: 
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Grain production (kg plof^) = Total wt. of25 soybean grain samples 
X (Total no. of soybean per plot/25) 
Non-grain production (kg plo t� )=Tota l wt. of25 soybean leaf and stalk samples 
X (Total no. of soybean per plot/25) 
Biomass weights were expressed as kg plot"\ As leaf stalk and foliage are of 
economic importance in Zigui County, it was included in the calculation of total 
productivity. In the production efficiency analysis, crop production data (wheat and 
soybean) were summed up to give per annum productivity on the experimental plot. 
6.2.2 Socio-economic survey of agriculture in Zigui County 
A comprehensive questionnaire survey was conducted to examine the status of 
agriculture in Zigui County, with special emphasis on inputs and outputs at the farm 
level. Inputs to the farm included the cost of pesticides, seeds, fertilizers (organic and 
inorganic) and labour. Outputs included crop productivity and revenues derived from 
sale of the agricultural produce in the open market. 
Several technical difficulties were anticipated in the survey, including 
language, unit conversion and different bookkeeping systems. Because of this, a pilot 
survey was carried out in April 1996 by the author alone. From this pilot survey, it 
was confirmed that language is a major handicap of communication. Besides, the 
farmers in Zigui County do not normally keep a record of expenses on farm. Instead, 
they are more used to remember the lump sum revenue generated from a particular 
crop or land plot. The questionnaire was subsequently reduced in length and modified 
to minimize calculation on the part of the respondents. 
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To overcome language problem and to secure enough samples, the survey was 
jointly conducted by the technicians of the Wangjiaqiao Watershed Hydrology 
Monitoring Station, two student helpers from the Department of Soil Chemistry and 
Physics, Huazhong Agricultural University, and 80 first year students of the 
Department ofHorticulture, Zigui County Professional High School, and the author. It 
was carried out between mid-July and mid-August, 1996. The technicians, student 
helpers and the author acted as supervisors in the survey, bulk of which was 
undertaken by the 80 students who came from different villages^^ . A village was 
surveyed by 1-2 students, each given ten questionnaires. Each student will choose 
either randomly or systematically ten households for interview. A stratified random 
sampling design was therefore followed, except where there were too few households 
in a village it was replaced with the stratified systematic framework. The questionnaire 
was appended in Appendix A. 
There are four types of agricultural lands in Zigui County, namely the terraced 
wet beds (TW), flat wet beds^^ (FW), terraced dry beds (TD), and ordinary slope fields 
(SF). Owing to the diverse background of the students, the different types of farms 
were covered in this survey. Of a total of 112,158 families in Zigui County (Zigui 
County Government 1996)，1,174 families (1.05% of the total) were surveyed. 
19 Incidentally, students in each class in the Department of Horticulture of the Zigui County 
Professional High School came from different villages, each represented by 1 - 2 students. However, 
admission still depends on the examination results of the candidates. 
2G If a piece of cultivated land has a maximum width to elevation smaller than 10 in the direction of its 
normal vector, it is classified as terraced land in the present study. Otherwise, it is classified as flat 
land. O f course, the terraced land consists of either wet bed ( T W ) or dry bed ( T D ) farms. 
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6.2.3 Production efficiency analysis 
A cost benefit analysis of the production systems, integrated farming and 
existing systems covered in the socioeconomic survey, is not possible owing to the 
lack of data on valuation of opportunity costs, externalized environmental costs and 
ecological benefits derived from land protective measures. Instead, production 
efficiency between the different production systems was compared in the thesis, 
modelled on Redclift (1987). From data of the survey and a survey of the market price 
for fertilizers, pesticides, seeds and crops, the following economic indicators were 
derived: 
Total Cost = Annual pesticide cost + Annual fertilizer cost + Annual seed cost + 
Annual maintenance cost + Other expenses 
Unit Cost = Total Cost / Total Land Area 
Total Benefit = E (market value of crop i x productivity of crop i) 
where i = wheat, soybean, sweet potato, maize, peanut, navel orange, 
rapeseed,... etc. 
Unit Benefit = Total Benefit / Total Land Area 
Total Labour = Routine Labour + Terrace Management Labour + Irrigation Labour 
Unit Labour = Total Labour / Total Land Area 
Profit = Total Benefit - Total Cost 
Unit Profit = Profit / Total Land Area 
Output: Input Ratio = Total Benefit / Total Cost 
Profit: Input Ratio = Net Benefit / Total Cost 
Production efficiency is represented by the output : input ratio. In the 
calculation of inputs, only the costs of fertilizers, pesticides, seed and annual 
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maintenance were included. For annual maintenance, it covered miscellaneous 
expenses on labour, pipe work, replacement stones and irrigation ditches etc. Labour 
input to farming, cost ofFYM, mulch and plant litters were not included because they 
varied considerably with place. Revenues derived from crops represented the outputs. 
6.2.4 Statistical analysis 
Statistical analysis was performed by using the statistical package SPSS 6.0 
(for Windows). The difference of each economic indicator between farm types were 
tested by Duncan's Multiple Range Test, at confidence level of p<0.05. Because the 
experimental plots were not replicated, statistical analysis on crop yields between 
treatments could not be performed, so was the comparison of production efficiency 
between different agricultural systems. 
6.3 Results 
6.3.1 Effect of integrated farming practices on wheat production 
Winter wheat production varied considerably with treatments (Table 6.1). 
Grain production was largely comparable to leaf and stalk, and both decreased in the 
order of PIOM > PO > PIM > PI > Control > P. Maximum production of the whole 
plant was detected in the PIOM plot (7.10 kg), about 4 and 5 times higher than the 
control (1.80 kg) and P (1.47 kg) plots, respectively. Grain production surpassed the 
leaf and stock in the PIOM, PO, PIM and P treatments while the reverse was true for 
the PI and Control treatments. 
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Table 6.1 Productivity of wheat 
Plot Dry weight of leaf and stalk (kg) Dry weight of grain (kg) Total (kg) 
Control r ^ 0 ^ L ^ 
P 0.72 0.75 1.47 
PI 1.03 0.90 1.93 
PIM 1.60 1.70 3.30 
PO 2.65 3.10 5.75 
PIOM l M l JO 7.10 
6.3.2 Effect of integrated farming practices on soybean production 
Grain and non-grain portions of soybean responded differently to treatments 
(Table 6.2). For the non-grain portion of leaf and stalk, plot production decreased in 
the order ofPIOM > PO > PIM > PI > P > Control. Grain production varied slightly 
in the descending order ofPI > PO > PIM > PIOM > Control > P. Overall production 
was highest in the PIOM plot, being followed by the PO, PI, PIM, Control and P 
treatment, largely in line with that of wheat. There were more grain than leaf and stalk 
in the Control, P and PI treatments while the reverse was true for the PIM, PO and 
PIOM counterparts. 
Table 6.2 Productivity of soybean 
Plot Dry weight of leaf and stalk (kg) Dry weight of grain (kg) Total (kg) 
Control ^ U 9 L53 
P 0.53 0.94 1.47 
PI 2.19 2.90 5.09 
PIM 2.26 1.92 4.18 
PO 4.11 2.73 6.84 
PIOM ^ l_^ 7.02 
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6.3.3 Production efficiency of integrated farming systems (experimental plots) 
Table 6.3 summarizes the economic indicators obtained for different integrated 
farming systems, as represented by the six treatment plots. The unit usage of FYM 
and plant litter, as well as unit farm labour were included for reference only. As wheat 
and soybean were combined in the production efficiency analysis, the results 
represented the annual outcome of cultivation. Output surpassed input in all the 
treatments because the output : input ratio was greater than 1. Production efficiency, 
however, varied tremendously with treatments and decreased in the order of P0 > PIM 
> PIOM > PI > Control > P. While the combined treatment of plant fence and piggery 
waste (P0) was economically most efficient, it was interesting to note that the 
treatment with hedgerow alone (P) was least efficient. The indicators of unit benefit, 
unit profit, output : input ratio, and profit:input ratio yielded the same results in the 
analysis. 
Table 6.3 Economic indicators in plot experiment 
Indicators C P pI HM PO PIOM~" 
Land Area ( m , lo 16 20 20 20 20 
Unit Cost (RMB) 0.20 0.20 0.30 0.30 0.20 0.30 
UnitFYM(kg) - - - - 2.2 2.2 
Unit Plant Litter (kg) - - - 0.5 - 0.5 
Unit Labour (Hour) 0.36 0.29 0.31 0.29 0.34 0.36 
Unit Benefit (RMB) 0.28 0.24 0.42 0.67 0.76 0.56 
Unit Profit (RMB) 0.08 0.04 0.12 0.37 0.56 0.26 
Output: Input Ratio 1.40 1.16 1.44 2.27 3.77 1.91 
Profit: Input Ratio 0.4 0.2 0.4 1.23 2.80 0.87 
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6.3.4 Production efficiency of existing farming systems (agricultural survey) 
Altogether, 1,174 households were surveyed in Zigui County, covering a total 
cultivated area of 450.7 ha (4,507,364.1 m^ )• They were made up of 24.4% terraced 
wet beds (TW), 4.3 % flat wet beds (FW), 39.1 % terraced dry beds (TD) and 32.2% 
ordinary slope fields (SF). There were more dry bed farms (71.3%), terraced or 
otherwise, than wet beds (28.7%) in Zigui County. Each family owned an average of 
3,839 m^ (5.8 mu) cultivated land, which could be made up of more than one farm 
type. 
Table 6.4 Economic indicators from socio-economic survey 
Indicators TW FW TD SF 
Land Area (m^) 1324.5±763.6' 1229.4±681.3' 2043.3±1704^ 1892.711692.6^ 
(n=831) (n=156) (n=862) (n=768) 
Unit Cost (RMB) 0.37±0.27 ‘ 0 .3110.25" 0.62±0.73 ^ 0.3810.58" 
(n=827) (n=152) (n=858) (n=736) 
Unit FYM (kg) 2.97t2.28 ‘ 2.52t2.03 ^ 2.48土3.06 ^ 1.83士2.46 ‘ 
(n=707) (n=137) (n=679) (n=594) 
Unit Plant Litter (kg) ^^  2 .01±2.50' 1.31±1.34b 2 .13t2 .30 ' 2.01±2.51' 
(n=361) (n=68) (n=380) (n=381) 
Unit Labour (Hour) 1.92±1.32& 1.06+0.74^ 2.3812.78 ‘ 1.54±1.8d 
(n=828) (n=151) (n=858) (n=736) 
Unit Benefit (RMB) 1.17±0.52a 0.90±0.52 ^ 0.87土1.07& 1.1511.78" 
(n=799) (n=142) (n=725) (n=717) 
Unit Profit (RMB) 0.80±0.49 ‘ 0.61±0.42^ 0.33土1.09� 0.80土1.38' 
(n=798) (n=142) (n=720) (n=705) 
Output: biput Ratio 3.89土1.95 ‘ 4.95±6.55 ^ 3.02士4.07 ‘ 5.77±11.85 ^ 
(n=801) (n=142) (n=733) (n=706) 
Profit: Input Ratio 2.89土1.95 ‘ 3.95±6.55 ^ 2.0214.07 ‘ 4 .77 t l l . 85 ^ 
(n=801) (n=142) (n=733) (n=706) 
1. Data are presented as Mean 土 Standard Deviation. 
2. Row means sharing the same letter are not significantly different at the 5% level by Duncan's 
Multiple Range test. 
21 Mixed Plant Litters were collected by Zigui farmers and used as another source of soil organic 
amendment. 
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Unit FYM, plant litter and labour inputs were included for comparison, but not 
in the calculation of production efficiency. Overall, unit plant litter and labour inputs 
were highest in the terraced wet beds (TD) and lowest in the flat wet beds (FW). The 
slope fields (SF) were not terraced nor irrigated, resulting in low inputs of labour, plant 
litter and FYM. When the costs of fertilizers, seeds, pesticides, and maintenance 
works were aggregated and compared, the unit cost of production amounted to RMB 
0.62 m_2 for TD，which doubled that o fFW (RMB 0.31 m"^  )，TW (RMB 0.37 m"^  ) 
and SF (RMB 0.38 m" )^. The unit profit was therefore reversed in the decreasing order 
ofSF, TW>FW>TD. 
On the whole, output surpassed input in all the production systems because the 
output: input ratios are greater than 1. Production efficiency decreased in the order of 
SF(5.77) > FW(4.95) > TW(3.89) > TD(3.02). 
For easy comparison, production efficiency of the integrated farming and 
existing farming systems were summarized in Table 6.5. Interestingly, production 
efficiency of integrated farming was generally lower than that of the existing farming 
systems. Only the PO treatment (3.77) recorded an output: input ratio higher than TD 
(3.02). The same value was comparable to that of TW (3.89), but lower than FW 
(4.95) and SF (5.77). For rest of the integrated farming treatments, the ratios ranged 
1.16-2.27. Therefore, the most efficient production system was ordinary slope fields 
(SF). 
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Table 6.5 Economic indicators of integrated farming and existing agricultural system 
Indicators C P PI PIM PO PIOM TW FW TD SF 
Land Area (m^) 20 20 20 20 20 20 1324.5 1229.4 2043.3 1892.7 
Unit Cost (RMB) 0.20 0.20 0.30 0.30 0.20 0.30 0.37 0.31 0.62 0.38 
Unit FYM (kg) - - - - 2.2 2.2 2.97 2.52 2.48 1.93 
Unit Plant Litter (kg) - - - 0.5 - 0.5 2.01 1.31 2.13 2.01 
Unit Labour (Day) 0.015 0.012 0.013 0.012 0.014 0.015 0.08 0.044 0.099 0.064 
Unit Benefit (RMB) 0.28 0.24 0.42 0.67 0.76 0.56 1.17 0.90 0.87 1.15 
Unit Profit (RMB) 0.08 0.04 0.12 0.37 0.56 0.26 0.80 0.61 0.33 0.80 
Output: Input Ratio 1.40 1.16 1.44 2.27 3.77 1.91 3.89 4.95 3.02(>) 5.77 
Profit: Input Ratio 0.4 0.2 0.4 1.23 2.80 0.87 2.89 3.95 2.02 4.77 
( 1 ) The Deputy Head of Agricultural Department in Zigui County suggested the similar figure (Mei 
1 9 9 6 , personal communication). 
6.5 Discussion 
Wheat and soybean are common crops in Zigui County, as in other parts of the 
TGR. The discussion below began with an assessment of crop productivity under 
integrated farm treatments, with special emphasis on grain production. For easy 
comparison to the real world, plot yield (kg plof^) was converted to yield per hectare 
(kg ha_i). Production efficiency of different farming systems will then be compared 
and explained. 
6.5.1 Effect of integrated farming on wheat yield 
For winter wheat, productivity varied tremendously with treatments and 
decreased in the order of PIOM > PO > PIM > PI > Control > P (Table 6.6). This 
clearly demonstrates the importance of integrated farm practices on crop productivity. 
In the absence of any integrated treatments, wheat production was as low as 900 kg ha" 
\ This is expected because the wheat not only suffered from a lack of nutrients from 
the soil, but also from the rapid loss of clay-size particles and insufficient soil 
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moisture. It was，however, quadrupled to 3,550 kg ha"^  in the PIOM treatment plot 
where growth was boosted by the combined effects of plant fence, inorganic fertilizer, 
piggery manure and mulch. 
Table. 6.6 Wheat yield (dry weight) (kg ha" )^ 
Plot leaf and stalk grain total biomass 
Control m 4 ^ m 
P 360 375 735 
PI 515 450 955 
PIM 800 850 1650 
PO 1325 1550 2875 
PIOM 1700 1850 3550 
Note: The data in this table is an estimation based on the experimental results presented in Table 6.1. 
When Vetivergrass (P) was planted alone on the experimental plot, wheat 
production was 18% lower than the control. In unfertilized system, the inclusion of 
Vetivergrass would result in strong competition with the wheat for nutrients and 
moisture in the soil. This is a cause for concem if the introduction of plant fence is not 
backed up with additional inputs. Competition from Vetivergrass, therefore, had offset 
the benefits of reducing water loss and sediment yield from the experimental plots. 
The situation was greatly improved with the stepwise additions of inorganic 
fertilizer (PI) and mulch (PIM) in the treatments. For instance, the inclusion of 
inorganic fertilizer (PI) resulted in a production of 955 kg ha"\ which was 30% higher 
than the treatment with plant fence alone (P) and 6% higher than that of the control 
plot. Was the problem of nutrient deficiency alleviated by fertilizer addition? 
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Obviously, fertilizer replenishment in the PI treatment had not resolved the 
problem of low productivity because wheat yield was only marginally higher than the 
control. The stepwise inclusion of mulch (PIM) further increased the yield to 1,650 kg 
ha"\ representing an exponential rise of 73% against the PI treatment plot. This is 
expected because mulch can reduce raindrop impact, improve infiltration and enhance 
organic matter accumulation in the soil, all of which will improve the efficiency of 
fertilizer (Young 1989). With a capacity to moderate extreme temperature and 
moisture conditions of the surface soil, mulch can facilitate the rapid turnover of 
nutrients too. It is, however, impossible to isolate the effect of mulching under 
existing design of the experiment. This warrants further study. 
The integrated PIM treatment was not perfect when compared with the PO 
treatment, which further raised the production to 2,875 kg ha"\ In the combined 
treatment with plant fence, the benefits derived from piggery manure (PO) surpassed 
that of inorganic fertilizer and mulch (PIM) by 74%. Following the subtraction 
method, piggery manure (PO) resulted in a 3-fold increase of wheat production against 
the P treatment. Piggery manure acts as a storehouse of nutrients and organic matter in 
the soils and is thus an asset to the farmers. As seen from Chapters 3，4 and 5, the PO 
treatment resulted in greater improvements of MWD, SOM, mineral N, available P, 
and exchangeable K and Mg than the PI and PIM treatments. This is reflected in the 
wheat production data. More research is needed to investigate the loading rate and 
frequency of applications in order to optimize the benefits of piggery manure. As a 
corollary, a combination of pig rearing and farming not only diversifies income source 
of the farmers, but also partly resolves the low productivity problem in Zigui County. 
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Of course，if the farmers are prepared to spend on inorganic fertilizer, piggery manure 
and mulch (PIOM) at one time, the productivity would further increase to 3,550 kg ha" 
1，which was the highest among the six treatments. There is，however, a cause for 
concem about the diminishing retum with additional inputs. 
The percent of grain harvested from each treatment plot deserves our attention 
too (Table 6.6). In the control plot, grains constituted only 44.4% of the above-ground 
biomass which was the lowest among the six treatments. This is expected because 
phosphorus deficiency in the soil suppresses grain production (Wild 1988; Brady 
1990). The addition of inorganic fertilizer (PI) resulted in a slight decrease of the 
percentage (47.1%) against the hedgerow (P) alone (51.0%). In the absence of other 
inputs, inorganic fertilizer tended to benefit more the leaf and stalk than the grains. 
Nonetheless, the grain ratio increased steadily to 51.5% in the PIM, 52.1 % in the 
PIOM and 53.9% in the PO treatments. 
6.5.2 Effect of integrated treatments on soybean yield 
Soybean production varied tremendously between plant parts and with 
treatments (Table 6.7). When the grains and non-grains were aggregated in the 
calculation, total production decreased in the order of PIOM > PO > PI > PIM > 
Control > P, largely in line with wheat production. The reasons accounting for this 
sequence were also similar to those discussed above. It is, however, odd to note that 
production in the PIM treatment (2,090 kg ha'^) was lower than the PI (2,545 kg ha" )^ 
plot. This can be accounted by a reversal of the treatments applied to these two plots 
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prior to soybean growth. The residual effects of mulch added to the previous crop 
were probably still felt in the PI treatment plot supporting soybean growth. 
Table. 6.7 Soybean yield (dry weigh) (kgha_)) 
Plot leaf and stalk grain total biomass 
Control l70 59^ 765~ 
P 265 470 735 
PI 1095 1450 2545 
PIM 1130 960 2090 
PO 2055 1365 3420 
PIOM 2850 660 3510 
Note: The data in this table is an estimation based on the experimental results presented in Table 7.2. 
A completely different trend was found for grain production, the percent of 
which in the above-ground biomass decreased in the order of Control > P > PI > PIM 
> PO > PIOM. Soybean is a legume which can fix atmospheric nitrogen and under 
low N conditions, fixed N is preferred to mineral N. In the absence of farm inputs, as 
exemplified by the Control and hedgerow (P) treatments, foliage and stalk production 
were more adversely affected than the grain, resulting in high grain percentage. The 
percentage of grain declined steadily with the additions of inorganic fertilizer and 
mulch to the plant fence. In the PIOM treatment plot, for instance, grains constituted 
only 18.8% of the aboveground biomass. It is therefore fairly safe to conclude that 
integrated farm practices benefited leaf and stalk production more than grain 
production. It is a cause for concem if the soils are over subscribed with fertilizers and 
associated inputs. Under this scenario, majority of the nutrients absorbed by the 
soybeans will be channelled to the production of foliage and stalk. There is an obvious 
equilibrium between optimal fertilizer inputs and grain production. Owing to a 
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reversal ofthe treatment plot, however, we cannot tell precisely what percentage of the 
grain should be considered optimal. In absolute term, however, the PI and PO 
treatment plots yielded 1,450 and 1,365 kg ha"^  soybean grains, respectively, and were 
higher than the other treatments. The most drastic decline coincided with the PIOM 
treatment which yielded 2,850 kg ha] foliage and stalk, but only 660 kg ha"^  grains. 
From a production point of view, therefore, inputs in the PIOM treatment appeared 
excessive and redundant. Indeed, more research is needed to find out the optimal 
loading rates of fertilizers for soybean production. 
From the above discussion, we can conclude that the effect of integrated farm 
practices on grain production is crop-specific. While the PIOM treatment was most 
supportive of wheat grain production, it reduced soybean grains drastically. It is 
therefore necessary to match crops with treatments, even on the same piece of land. 
Because of this, more research is needed to find out the response of the soil to different 
treatments during the change-over of crops. 
6.5.3 Will there be enough food production under integrated farming? 
Much have been said about the importance of integrated farm practices in 
protecting the soil against erosion and in improving crop yield (Chapters 1, 3, 4 and 5). 
Do any of them produce enough food to feed the people? To answer this question, the 
annual production of crops and the number of persons it can support is summarized in 
Table 6.8. Annual crop production included only the grain portions of wheat and 
soybeans, but not the leaf and stalks. 
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Table 6.8 Grain productivity in experiment plots (kg ha"^ )� 
Plot Wheat Soybean Total grain~~Carrying capacity (person ha“)(� 
Control 4 ^ 595 ^ 2 ^ 
P 375 470 845 2.11 
PI 450 (1,450)(3) 1,900 4.75 
PIM 850 (960) 1,810 4.53 
PO 1,550 1,365 2,915 7.29 
PIOM 1,850 660 2,510 6.28 
(1) The data in this table represent an estimation based on the experimental results presented in Table 6.2. 
(2) Calculated from Total grainy^Sfational standard of per capita grain consumption. 
(3) Values with bracket indicate that the data were obtained from the reversed plots as mentioned in Chapter 2. 
Food production varied tremendously with treatments, ranging 845-2,915 kg 
ha'i per annum (Table 6.8). These values are relatively low when compared with the 
average 3,000-4,000 kg ha^ for the TGR (Yang & Si 1994) and 4,000-5,000 kg ha^ of 
the national average (Xu et al 1993). Owing to the harsh biophysical environment 
and meagre capital inputs, the TGR is one of the 17 poorest regions identified in China 
(Chen & Li 1987; Zhou et al 1987). Average crop productivity is thus lower than the 
nation's average. Under the existing experimental conditions, only the integrated PO 
(2,915 kg ha_i) treatment recorded a production level comparable to that of the TGR. 
It clearly shows that a production level equivalent to the region's average can only be 
sustained in the PO and PIOM treatments. This is a remarkable achievement for the 
slopelands because high-yielding flat lands have been included in the calculation of the 
TGR,s average. In the Control and P treatments where subsidies were absent, a 3-fold 
decrease of annual production was recorded. Besides, there were the associated 
problems of accelerated loss of water, sediments and nutrients from these plots. 
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According to the national standard in China, per capita grain consumption is 
set at 400 kg yr'^  (Chen & Gao 1988). The carrying capacity for each of the treatment 
is estimated in accordance with this guideline. It varies from 2.11-7.29 persons ha"^  
(Table 6.8). Can they absorb the people that need to be resettled uphill? 
Where resettlement is necessitated by inundation, each relocatee will be 
compensated with 1 mu (666.7 m^) of land uphill (Zhou 1996，personal comm.) and to 
support 15 persons in a hectare plot, a total grain production of at least 6,000 kg is 
needed. The target is more than double the production levels of PO and PIOM, not to 
mention the other treatment plots. True, wheat and grain are not the only staple crops 
in Zigui County. Farmers also grow maize in the farm and interplant sweet potato 
underneath the main crops. There are, however, no realistic estimates of productivity 
of these crops in the present experiment. It is likely that they will be as productive as 
wheat and soybean and because of this, further investigation of maize and sweet potato 
under such experimental treatment is required. 
Wheat and soybean production under the investigated management practices 
can never meet the demand of the people. Staple grain production is roughly short of 
the target by 50%. Indeed, the TGR as a whole is short of food supply and during the 
last few decades has been receiving grain subsidies from the central government (Yang 
& Si 1994; Zigui County Government 1991). Of course, there is still room for 
improvement in the PO and PIOM treatments, including more stringent control against 
wild rabbits and revamped tillage methods. This will be taken up again in the 
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concluding chapter. Alternatively, the government should revise the compensation 
scheme by offering each farmer 2 mu ofland. Besides, the farmers may be better off if 
they can switch to the growth of cash crops. This will be addressed in the next section. 
6.5.4 Production efficiency analysis 
In the comparison of production efficiency between the integrated and existing 
farming systems, outputs included only revenues derived from the sale of harvestable 
crops. Ecological benefits derived from land protective measures within the system 
were excluded due to a lack of data. Similarly, while inputs included the costs of seed, 
22 
pesticides, fertilizers and field maintenance works ，it had excluded the costs of 
FYM, plant litter and labour in cultivation. Likewise, externalized environmental 
costs resulted from non-sustainable practices (e.g. water and sediment loss arising 
from slope cultivation) were excluded from the cost of production too. Despite this 
limitation, production efficiency could still provide a rapid analysis of the profitability 
of a particular farming system. Which is then the most efficient production system? 
Production efficiency, as appraised by the output: input ratio, decreased in the 
order of SF > FW > TW > PO > TD > PIM > PIOM > PI > Control > P (Table 6.5). 
Overall, the ratio is consistently higher among the existing farming systems than the 
integrated farming practices. Does it mean then none of the integrated farm practices 
are worth pursuing by the farmers? 
22 Labour spent on the maintenance of retaining walls, pipeworks, and irrigation ditches. This cost is 
easily quantified, either in lump sum per crop or per plot of farm land. It is therefore not the labour 
devoted to cultivation of the crop, which varies considerably from place to place. 
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To answer this question, we have to differentiate wet bed farms from dry bed 
farms. There are two types of wet beds in Zigui County, namely the flat water beds 
(FW) located at the river valleys and the terraced water beds (TW) located close to the 
river valleys. On the other hand the dry beds, terraced (TD) or otherwise (SF) are 
located uphill. The wet beds are dominated by alluvial deposits that are more fertile 
than the skeletal soils uphill (Chen 1991; Mei 1995). Besides, water supply is less 
critical when compared with the porous hill soils. Given these inherent differences, 
outputs from the wet beds are always higher than the dry beds. Because of this, they 
are not strictly comparable and many of them will be inundated by the rising pool 
water. For example, about 110,500 mu wet beds will be submerged after the 
completion of the dam (Chen 1991). More important is the development of the dry 
beds, which constituted 71.3% of the farmlands covered in the survey. The acreage is 
expected to expand with resettlement of the people. Hence，the comparison should 
focus on dry beds. 
Interestingly, ordinary slope fields (SF) topped the efficiency list with an 
output: input ratio of 5.77, as against the ratio of 3.02 for terraced dry fields (TD). Of 
the six integrated treatments, only PO yielded an intermediate ratio of 3.77. The slope 
fields accounted for 32.2% of the total cultivated area covered in the survey. Inputs 
^ 
were low on these extensively cultivated lands, averaging RMB 0.38 m" against RMB 
0.62 m_2 for the terraced dry fields. It is a typical low-input cultivation system and the 
high efficiency ratio is illusionary, being comparable to that of the Third World 
agriculture (Redclift 1987). Given our findings from the control and hedgerow 
treatment plots, water loss and sediment yield were high on unprotected lands. There 
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are two implications with reference to prospect of the terraced dry fields. First, yield 
is expected to diminish with deterioration of the growth environment and hence it is 
not sustainable in the long run. Second, the high efficiency ratio will depreciate when 
externalized production costs are included in the analysis. Sediments removed from 
the unprotected slope fields will either bury valuable farmlands downslope or cause 
silting and flooding of rivers. In a nutshell, cultivation of the existing slope fields 
should be discontinued or be reinforced with integrated protective measures. 
The terraced dry fields (TD) below 600 m are largely devoted to the growth of 
navel orange, an important cash crop in Zigui County (Mei 1995, personal comm.). 
Production efficiency was, however, lower than that of SF and PO, primarily because 
of heavy investments in fertilizers, pesticides, replacement stones, and labour . The 
unit cost of production amounted to RMB 0.62 m"^  , being higher than SF (RMB 0.38 
m_2 ) and PO (RMB 0.20 m"^ ). Indeed, the efficiency ratio is greatly reduced because it 
is inversely proportional to the unit cost of production (Figure 6.1). There are pros and 
cons in the monoculture planting of navel orange. It shares the same market 
information and production can be greatly enhanced by the economies of scale, as in 
the bulk purchase of fertilizers and pesticides. Against this, the risk of pest outbreak is 
high due to weakened defensive mechanisms of the community. It is found in the 
survey that farmers are using more pesticides than before, and very likely pest 
resurgence and resistance will develop (Miller & Donahue 1990). While orange 
growth is promoted in the region, are there ways to improve production efficiency and 
to ensure sustainable development of the resource? 
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There is no easy answer to this question. To kill two birds with one stone, the 
use of pesticides should be reduced and be replaced with integrated pest management 
(IPM) techniques including biological control and the use of decoy plants (Dent 1991). 
Similarly, many of the integrated measures proven successful in supporting crop 
growth can also be employed to support orange growth. For instance, piggery manure 
can be applied in pits to improve the efficiency of inorganic fertilizer. A gradual 
build-up of organic matter in the soil will also enhance aggregate stability and improve 
water retention capacity. If the stone walls of the terraces can be replaced by 
vetivergrass, the costs on labour and materials can be saved. The clippings of 
vetivergrass can be applied in combination with piggery manure in order to save 
stabbles. Of course, urgent research is needed to find out the best combination of 
orange tree with vetivergrass. A combination of the techniques, therefore, offers 
immense potential to optimize orange production on the slopelands. 
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Having discussed possible means to reduce the production costs of oranges, the 
efficiency ratio can also be lifted if more revenues can be generated from sales. This is 
a complex problem because the flow of commodities in Zigui County, as in other parts 
of the TGR, is impaired by low urbanization level and poor transport network. This 
point will be addressed again in the concluding chapter. 
The production efficiency pertaining to PO and PIOM treatments will not be 
elaborated further. They represent viable protective measures of the land and are 
capable of sustaining fairly high crop yields. There is no reason why they should not 
be employed, with or without modifications, to improve the production efficiency of 
existing slopelands. 
6.6 Conclusion 
From the findings of this study, the following conclusions can be summarized: 
1. Wheat production decreased in the order of PIOM > PO > PIM > PI > Control > 
P. The percent of grain appeared to increase with intensity of the treatment (47.1-
53.9%) and was lowest in the control (44.4%). 
2. Soybean production decreased in the order of PIOM > PO > PI > PIM > Control > 
P. The percent of grain decreased with intensity of the treatment, being highest in 
the control (77.8%) and lowest in the PIOM treatment (18.8%). In absolute term, 
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the highest grain production was recorded in the PI (1,450 kg ha'^) and the lowest 
in the hedgerow (P) plots (470 kg ha'^). 
3. The highest annual productivity of grain (wheat and soybean) was recorded in the 
PO treatment plot (2,915 kg ha .�which was merely comparable to the average of 
3,000-4,000 kg ha_i for the TGR. For rest of the treatments, annual productivity 
ranged 845-2,510kgha"\ 
4. The highest output : input ratio of 3.77 was recorded for the PO treatment plot 
while the lowest (1.16) coincided with the P treatment. 
5 . Four types of farms were identified in the agricultural survey, namely flat water 
beds (FW), terraced water beds (TW), terraced dry beds (TD) and ordinary slope 
fields (SF). There are more dry bed farms (71.3%) than wet bed farms (28.7%) in 
Zigui County. 
6. The terraced dry beds (TW) are devoted to orange growth and receive the highest 
inputs of fertilizers, pesticides and manual labour. 
7. Among the existing farming systems in Zigui County, the terraced wet beds (TW) 
and slope fields (SF) are most productive, each with a unit profit ofRMB 0.80m" .^ 
8. The slope fields (SF), terraced dry beds (TD) and integrated PO treatment 
represent different modes of slope cultivation in Zigui County. Their 




7.1 Summary of Findings 
The effects of integrated farming practices on soil physical and chemical 
properties, water loss, sediment yield, as well as crop productivity in Zigui County 
were investigated for a period of one year. The findings summarized below 
represented the combined effects of treatments, response of the newly rehabilitated 
soils to artificially-simulated rainfall and crop growth. 
After the cultivation of one year, considerable changes in texture and 
aggregate stability of the purple soil were detected. A coarsening effect of the soil 
texture was recorded in the Control, P，PI and PIOM treatments, primarily due to a 
loss of the finer silt and clay particles in erosion. Conversely, the PO and PIM 
treatments resulted in a fining effect of the soil texture. 
Soil aggregate stability, measured by percent mean weight diameter (MWD), 
is closely related to texture and organic matter content of the soil. It was 
significantly improved in the PO, reduced in the Control and PIM, and remained 
unchanged in the P, PI and PIOM treatment plots. Overall, aggregate stability of the 
soil was lowered after soybean growth in summer but increased after wheat growth in 
winter. 
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The purple soil was strongly alkaline, deficient in SOM, TKN, exchangeable 
Ca and Mg, but contained moderate levels of total P and exchangeable K. It reacted 
differently to farm treatments although an overall increase in pH, SOM and available 
P was detected after the cultivation of one year. A decrease of TKN, mineral N, 
exchangeable Ca and Mg was recorded in the Control and hedgerow (P) treatment 
plots. Conversely, the greatest improvements in SOM, TKN, available N and P, and 
exchangeable K were only found in the PIOM plot. The beneficial effects arising 
from the PI and PO treatments were largely intermediate between that of the Control 
and PIOM plots. Increased alkalinity of the soil with cultivation is a cause for 
concem in Zigui County. 
Plot discharge and sediment yield varied considerably with farm treatments 
and intensity of the simulated rainfall. The highest plot discharge and sediment yield 
were recorded in the Control plot, irrespective of rainfall intensity. The treatment 
with plant fence (P) alone did not reduce plot discharge and sediment yield against 
the Control under low intensity rainfall conditions in April. Under high intensity 
rainfall conditions in November, however, the same treatment plot reduced 36.37% 
plot discharge and 59.12% sediment yield. Plot discharge and sediment yield from 
the PI, PIM, PO and PIOM treatment plots were significantly reduced against that of 
the Control and P plots, under low and high intensity rainfall conditions. There were, 
however, no differences among these four plots. 
> 
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Soil moisture was monitored in the field by use of the time domain 
reflectrometer. Infiltration and moisture holding capacity were significantly higher 
in the PIOM plot than any other plots. 
Crop productivity varied tremendously with treatments. For winter wheat, 
dry matter production of grain and stalk decreased in the order of PIOM > PO > PIM 
> PI > Control > P. For soybean production, a difference must be made between 
grain and stalk. Grain production was in the order of PI > PO > PIM > PIOM > C > 
P. When dry matter of the grain and stalk was aggregated, production pattem 
changed to PIOM > PO > PIM > PI > P > Control, largely in line with wheat. 
As seen from the above findings, farm treatments had different effects on soil 
properties, plot discharge, sediment yield and crop production. When it was 
translated into economic terms, the output:input ratios decreased in the order ofPO > 
PIM > PIOM > PI > C > P. While a high ratio is desirable, production efficiency was 
inversely proportional to unit investment. A socioeconomic survey of the existing 
farming systems in Zigui County was also attempted and compared to each of the 
treatment practices. Interestingly, slope cultivation without terracing and irrigation 
yielded the highest output:input ratio which was higher than that achieved in the PO 
treatment plot. 
7.2 Implications of the Study 
7.2.1 Demonstration farms and application of results to other parts of the TGR 
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As aforesaid in Chapter 1，the most critical problem in the TGR is soil 
erosion and land degradation. With the need to resettle over 1 million people uphill, 
the problem can intensify unless precaution measures are taken to protect the land. 
In the absence of protective measures, cultivation of slopeland caused a series of 
changes to the soil and environment. These include coarsening of the soil, decreased 
aggregate stability, increased mnoff and sediment yield, reduction in TKN, mineral 
N，and exchangeable Ca and Mg. The situation was marginally improved with the 
introduction of Vetivergrass as plant fence (P) and the best results including highest 
crop yield coincided with the PO and PIOM treatments (Table 7.1). 
Table 7.1 Changes of soil properties after one year of cultivation 
~ ~ p l m C P Pl P M PO PIOM 
Soil layer(i) ~T S T S ~ ~ T S T S T S T S 
MWD -6.09~~二 “ ~ “ “ “ — 8.03 7.59 5.64 4.11 ~ “ 
pH 0.27 0.18 0.23 0.13 0.1 0.26 0.17 0.17 0.22 0.22 0.22 0.3 
SOM(%) 0.14 0.24 0.13 0.14 0.28 0.53 0.27 0.13 0.46 0.19 0.67 0.38 
M i n e r a l N ( m g k g - i ) ~ -3.34 — 3.88 3.95 — 3.40 … 6 . 5 8 4.03 6.91 — 
TKN(gkg-i) -0.06 -0.1 -0.08 -0.02 0.17 0.15 --- 0.11 0.07 — 
Available P (mg kg"') -0.43 -0.87 0.14 -0.42 0.87 0.69 0.82 0.70 1.23 1.22 4.29 2.10 
Tot3-l P (g kg ) — ——— ——— ••• ——— ••• ——— •__ ——— ••• —— ••• 
Exchangeable K 16.2 -16.1 17.9 12.2 77.49 -15.38 
(mg kg-i) 
Exchangeable Mg 0.36 -0.23 -0.08 ™ -0.07 0.07 — 0.06 0.15 0.32 
(mg kg-i) 
Exchangeable Ca -8.37 -8.47 — -2.97 -9.63 -7.93 6.98 7.68 12.3 13.3 -13.1 -6.92 
(mg kg-i) 
(1) T : top 0-15 cm soil; S: subsurface 15-30 cm soil. 
(2) Numbers in the table indicate amount of significant increase (positive value) or decrease(negative 
value) while --- refers to no change. The statistical difference is determined by Duncan's Multiple 
Range Test at P<0.05. 
The experiment actually simulated the processes and changes which would 
occur after rehabilitating the slopeland for cultivation. We are fully aware of the 
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errors and limitations arising from sampling, experimental design and short-duration 
of the study. While long-term monitoring is necessary to give more reliable results, 
there is no reason why the findings should not be used sensibly in the management of 
agricultural lands. It is not a debate whether protective measures are necessary rather 
the adoption of viable management practice is urgently required. A related question 
then comes up: How to disseminate this knowledge to the farmers? 
Vetivergrass, mulch, piggery manure and inorganic fertilizers are readily 
available in Zigui County, as in other parts of the TGR. Of course, there is cost 
implication for labour and fertilizers. More important is to convince the farmers to 
use them, in combinations and continuously. As found out in the socioeconomic 
survey, 32.2% of the cultivated lands in Zigui County are dry bed farms developed 
on the slopes, without terracing and irrigation. Farmers engaged in dry bed farming 
on slopes will benefit from the combined treatments and the number of farmers is 
expected to increase with resettlement of people uphill. Hence, it is essential to set 
up experimental stations at strategic locations where long-term monitoring of the 
different treatments will be implemented. There are dual advantages in doing this. 
First, the newly rehabilitated soils need time to settle in and to equilibrate in 
pedological and biological processes. Long-term monitoring gives us a clearer 
picture of the productive capacity of the soils and how it changes with time and 
unusual events. Second, seeing is believing so that farmers can be invited to inspect 
the demonstration farms. 
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A study will be of limited value if the results are not transferable to other 
areas. For this to be true, the areas need to be similar in soil, climate and 
socioeconomic status. In the TGR, 74% of the lands are mountainous, 21.7% are 
hilly and only 4.3% are flatlands (Chen & Gao 1988). This is comparable to Zigui 
County where over 60% of the lands are steeper than 25° and flatlands gentler than 
5° constitute only 3.3% of the total land area (Chapter 1). Purple soils developed on 
calcareous sandstones and mudstones are dominant in Zigui County, as in other parts 
ofthe TGR. These soils are infertile and vulnerable to erosion (Yang & Si 1994). 
Hence, there is no reason why results obtained in the present study are not 
transferable to other parts of the TGR. Because of its close proximity to the dam and 
the need for early resettlement, Zigui County should take a lead in agricultural 
education and in the dissemination of new farming technologies. Farmers, cadres 
and decision-makers at various levels outside Zigui should also be welcome to visit 
the demonstration farms. 
7.2.2 Commodity Agriculture and Regional Specialization 
The only commodity agriculture presently found in the upland region of Zigui 
County is navel orange, which is grown on terraced slopes below 600 m. 
Historically，the fruit is native to Zigui County and in the last three decades 
tremendous improvements have been made on quality production. Under the policy 
of resettlement with development, navel orange is targeted as an important 
commodity in agricultural development. Because of this, the area devoted to orange 
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growth is expected to expand in the years to come. Hailed as a great success by 
some government officials, what is the prospect of orange growth in Zigui County? 
As found out in the socioeconomic survey, the unit profit derived from 
orange or the terraced dry bed farming was lowest among the existing farming 
systems. While there is cause for concem, the low efficiency could be accounted by 
high labour input and limited market economy. As aforesaid in Chapter 1, the 
construction of terraces is expensive and high tangible and intangible costs are 
involved in their maintenance. It is for this reason which gives impetus to the present 
study. We believe the efficiency of orange growth on slopelands can be improved by 
adopting integrated farm practices, particularly the PO and PIOM treatments. The 
inclusion of plant fence is expected to check erosion, resulting in the formation of 
terracetes similar to retaining walls built of stones. It reduces the demand for stones, 
and labour cost in construction and maintenance. Besides, a continuous 
replenishment of piggery manure and mulch not only improves moisture supply but 
also fertilizer efficiency in the soil. As a matter of fact, piggery waste is regularly 
applied to support orange growth. A substitution of the stone wall with plant fence is 
expected to reduce cost and improve net profit. 
The other side of the coin is the evolution of a market economy. At present 
oranges are exported to Wuhan, Hubei Province and Russia. The steep terrain is a 
setback to transport development in Zigui County, affecting the flow of information 
and commodities. Consumption centres are few due to low urbanization level in the 
TGR. This situation is expected to improve when more funds will be pumped in to 
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develop infrastructures including roads and collection centres, as well as new towns. 
Until then revenues derived from the sale of orange will increase, otherwise the profit 
margin will remain low. 
As a perennial crop, there is less disturbance to the soil compared to the 
growth of wheat, maize and soybean. Indeed, ploughing of the soil after harvest is 
always a cause for concem on the steep slopes. This will loosen the soil particles and 
facilitate loss in erosion. From an ecological point of view, the growth of perennial 
crops will have competitive advantages over the annual crops. Apart from navel 
orange, are there other alternatives which will also diversify income source of the 
farmers? In fact, the choices are few in the upland area except a handful of the 
medicinal herbs including Eucommia ulmoides, Coptis chinensis, Codonopsis 
pilosula and Gastrodia elata which are adaptive to the environment of Zigui County. 
More research is needed to identify high quality medicinal herbs that will grow on 
the slopes. Hopefully, a regional specialization of orange and medicinal herbs will 
evolve in the upland region of Zigui County and other parts of the TGR. Transport 
improvement and marketing channels for agricultural commodities in the upland 
region warrants further investigation. They are key elements in the development of 
commodity agriculture and regional specialization. 
7.3 Limitation of the study 
Constrained by time and manpower, the present study lasted for one year 
only. The experimental plots were constructed on newly rehabilitated soil, in which 
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bulk density, air ratio and mineralization potential could have been modified. For 
instance, infiltration and soil retention under some treatments could have been 
elevated resulting in reduced plot discharge. Similarly, loosening of the soil could 
enhance weathering of the semi-decomposed parent materials resulting in nutrient 
release, especially calcium. While it takes time for the soil to settle in, the results 
obtained may not truly represent its long-term carrying capacity. One notable 
example is the accumulation of organic matter in the soil, which is a slow process 
depending on input, quality of the organic waste and microbial activities. While the 
PO and PIOM treatments yielded the best results in sustaining soil fertility and 
improving crop productivity, the results could be underestimated because an 
equilibrium on soil organic matter has not been reached yet. Nonetheless, the results 
do indicate what would happen in the soil during the first year of cultivation and 
highlight some eminent problems which farmers have to face. It is therefore 
necessary to monitor the long-term changes of the soil under the different treatments. 
Of course, additional treatments can be added including the different tillage methods. 
There was no replication of experimental plots for each treatment so that crop 
yield could not be compared statistically. Besides, some data could have been biased 
due to the lack of a randomized block design. In the measurement of soil moisture, 
there was no multiplexing capacity of the TDR. Simultaneous measurement of 
moisture change at different points was not possible. Instead, measurement was 
taken from a single point and great fluctuations were encountered. 
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Some field problems were underestimated too. A substantial number of the 
soybean plants were damaged by wild rabbits because the experimental plots had not 
been fenced off. An estimate on soybean production had to be made by extrapolation 
although the results seemed to fit in well with the treatments. Furthermore, a 
rainstorm in summer had damaged the berm protecting the plant fence (P) treatment 
plot, resulting in excessive runoff. Greater care is needed to remove field anomalies. 
In the economic analysis, it is difficult to transform the environmental and 
ecological benefits into monetary terms. Similar difficulty was encountered in the 
estimate of opportunity cost in the manpower and organic amendments. Because 
they were not included in the efficiency and profitability analysis, some of the 
economic indicators pertaining to integrated farm practices could have been 
underestimated. 
7.4 Suggestion for further studies 
In studying the sustained productivity of cultivated soil and the effects of 
specific farming practice, long-term monitoring is needed. A randomized block 
design of the experimental plots is preferred to the existing one. These are the broad 
principles which need to be adhered to in future studies. 
In the present study, mulch was applied in combination with Vetivergrass 
plant fence, inorganic fertilizer (PIM) and piggery waste (PIOM), but never on its 
own to the treatment plot. It deserves to be treated separately because the material is 
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familiar to the farmers and is abundantly available in Zigui County. Apart from rice 
and wheat stubbles, the foliage of Vetivergrass can also be considered in nticipation 
of its availability from the plant fence. As the Vetivergrass foliage is characterized 
by low nitrogen content, the addition of ammoniacal fertilizer is necessary to speed 
up breakdown and to prevent nitrate depression in the soil. Hence, a combined 
treatment of mulch and inorganic fertilizer is worth pursuing too. Of course, the use 
of soybean litter to mulch the plot would provide additional nitrogen to the soil. 
Unfortunately, many of these litters are now consumed in cooking instead of being 
recycled to the soil. 
Moisture supply is a critical problem in the upland soils of Zigui County. 
The steep terrain and porous nature of the soil facilitate rapid loss of water, resulting 
in extensive wilting of maize and soybeans in the dry bed farms in summer. Orange 
leaves vemate and fruit skins crack in response to stressful water potential, and the 
latter is irreversible. Continuous monitoring of moisture regime at different depths 
of the soil and in relation to different farm practices is useful in agricultural planning. 
It allows prediction to be made during crop growth and can help conserve water 
resource. Besides the farm practices investigated in this study, water absorbent 
polymer should be put to trial too. They have been used with success in improving 
soil moisture supply in many semi-arid areas. 
One way to test the sustainability of agriculture is carry out a cost benefit 
analysis of the production system. This has not been attempted in the thesis due to a 
lack of data on valuation of opportunity costs, externalized environmental costs and 
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ecological benefits derived from land protective measures (see Chapter 6). Any 
study on sustainable agriculture in Zigui County should include an estimate of these 
costs. Of course, a cost benefit analysis of this scale will itself constitute an 
independent study. 
The Three Gorges Dam Project takes 18 years to complete and the impact of 
resettlement uphill will extend far beyond this period. We have collected in the 
socioeconomic survey valuable background data on existing agricultural production 
systems. If a systematic study is initiated on the resettled farms now, a comparison 
can be made between the two sets of data. It allows an appraisal of the 
improvements in farm revenues and living standards after resettlement, which are of 
prime concem to the farmers and to policy makers in charge of agriculture. 
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